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The modem fruit grower is "becoming increasingly con­
cerned with the problem of obtaining adequate labor for his 
orchard operation. In recent years the attention of the 
researcher and producer alike has been focused on the problem 
of increasing the efficiency of fruit production. One method 
of accomplishing this is through the use of smaller trees. 
Dwarf fruit trees have been a part of the European garden 
for centuries and account for a significant proportion of the 
commercial production on that continent. In America, home 
owners have found the smaller trees increasingly attractive 
but commercial plantings have been limited. However, com­
mercial fruit growers are using an increasing number of 
clonally propagated rootstocks, especially semistandard and 
semidwarf stocks in combination with selected scion varieties. 
In addition to the semidwarf and "built up" or interstock 
trees, the orchardists are becoming interested in other means 
of controlling the size of trees, such as pruning practices, 
the use of spur type varieties, and the application of chemical 
growth, retardants. 
These smaller trees afford the grower many advantages. 
Their reduced size facilitates pruning, thinning, and har­
vesting, thus reducing labor costs. Earliness of flowering 
and bearing is characteristic of many of these smaller trees. 
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They also afford the grower the opportunity for more intensive 
culture, thus substantially increasing his yield per acre. 
However, dwarf apple trees are not without undesirable 
features. Anchorage is often a problem with these smaller 
trees because of the brittle nature of the wood. Another 
disadvantage is their high initial cost which results from 
higher propagation expenditures and the greater number of 
trees required per unit area. In addition, the trees often 
require support, at least for the initial years in the orchard. 
These smaller trees also have more exacting cultural and soil 
requirements than those grown on standard seedling rootstocks. 
While a great deal of knowledge has been accumulated on 
the cultural and environmental requirements of dwarf trees 
our knowledge is still incomplete on the basic mechanism of 
dwarfing. We are still unable to predict the results of a 
new stock/scion combination with any accuracy. The use of 
dwarfing interstocks affords the opportunity to study the 
physiological influence of dwarfing without some of the other 
complicating factors. Part of this study was undertaken to 
add to our knowledge of the physiological effects of dwarfing 
interstocks. 
One of the responses associated with the use of dwarfing 
rootstocks for apples is precocious flower and fruit produc­
tion, Fruiting itself would tend to have a retarding effect 
upon growth, so in effect anything that might stimulate early 
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flower formation could be considered to be a dwarfing effect. 
It has been observed that when a given scion variety is 
worked upon a number of different rootstocks varying in 
their degree of growth controlling influence there is very 
little difference in growth during the early years. However, 
with the advent of fruiting these trees begin to show more 
pronounced differences, with growth characteristic of the 
rootstock. For these reasons it would seem necessary that 
any investigation of the physiological aspects of dwarfing 
of apples should include a study of the floral induction 
aspects of this plant. In order to gain further knowledge 
of the factors involved in fruit bud formation in apple, 
studies were conducted to evaluate the role of exogenous 
growth regulators in the promotion of flowering and its 
possible relationship to the dwarfing mechanism. 
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REVIEW OF LITERATURE 
One of the oldest techniques used to improve or alter 
plants is the art of budding and grafting. Grafting was 
described with understanding by Aristotle (38^-322 B.C.), 
Theophrastus (372-287 B.C.), Cato (234-14$ B.C.), Varro 
(116-27 B.C.), and others of their time (Roberts 19^9). The 
techniques employed centuries ago to effect the application 
of scions to stocks have been altered little over the 
centuries although the understanding of the grafting opera­
tions has improved over the often fanciful conjectures of 
classical authors. For example, evergreen roses are no 
longer expected to develop through the use of holly trees 
as stocks, nor are the grafting techniques proposed by 
Mascall in 1583, which would result in apple trees whose 
fruits would be half sweet and half sour, any longer accepted 
(Graves 1950). 
The apple has been an important fruit to man since pre­
historic time and its history closely parallels that of 
grafting. The use of rootstocks to dwarf fruit trees dates 
back to early Greek history (Maney 1943). However the use 
of interstocks to reduce the growth of fruit trees is a 
comparatively recent development. In I665, an Englishman, 
John Rea, described the use of interstocks to produce trees 
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that would be smaller, bear sooner, and produce more and 
better fruit (Graves 1950)» 
The use of interstocks or stembuilders to produce tall 
and vigorous trees more rapidly has been investigated by 
several workers including Grubb (1939) who found that inter-
stocks of three vigorous varieties had an invigorating 
effect. He also reported some evidence that the length of 
interstock affected its influence, but the effect of the 
interstock was less than that of the rootstock. Rogers and 
coworkers (1939) studied the root systems of Grubb's stem-
built trees and found that the vigor of the root system was 
modified but the difference in vigor of roots of Mailing IX 
and Mailing XII was not eliminated by the stembuilder inter­
mediates. Hewetson (1942) reported that the none-too-
vigorous apple variety Steele Red was stimulated into forming 
large, high-yielding trees by Northern Spy intermediates. 
Grubb (1939) suggested that invigoration would be likely to 
be proportionately greater among the weak trees than among the 
vigorous trees because the latter are closer to the upper 
limit of rate of growth than the former. 
The fact that dwarfing stocks have brittle wood and 
provide poor anchorage has led to their use as an intermediate 
stempiece or interstock. That a marked dwarfing influence 
could be produced when these stocks were used as interstocks 
was demonstrated by Grubb (1939), Tukey and Erase (1933), and 
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Blair (1938). Thus it is possible to produce a dwarf tree 
with good root anchorage by using a dwarfing interstock on a 
vigorous rootstock such as Mailing I or Mailing XVI. However, 
Tukey and Erase (19^3) found the influence of the Mailing IX 
interstock to be less than that of the Mailing IX rootstock. 
They found that when a dwarf stock was used, either as root-
stock, intermediate stempiece, or scion, the effect was to 
dwarf the entire plant, although not always to the same ex­
tent in each position. Muller and Borck (1953) confirmed that 
dwarfing and good anchorage could be combined by the use of 
a Mailing IX interstock on a vigorous rootstock. However, 
they also reported that this advantage was more than out­
weighed by prolific sucker development from the roots. 
Grubb (1939) found that the interstocks had a measurable 
effect on the growth and cropping of the second scion, but 
that the direction of the influence was by no means always 
indicated by the characteristics of the variety used as an 
interstock. He also noted an effect of length of the inter-
stock, in that the influence on the vigor and the fruit 
characters of the varieties was more distinct when the inter-
stock was two feet long than when it was three inches. 
Erase and Way (I965) reported that tests at Geneva indicated 
that long interstocks caused more pronounced dwarfing than 
short interstocks. However, both Mailing VIII and IX which 
are used as dwarfing interstocks have brittle wood; therefore. 
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the length of the interstock must be limited to prevent the 
formation of a tree with a weak trunk. Although their data 
were extremely variable, Muller and Borck (1953) reported 
greater effect from a 40 cm than from a 20 cm length of 
interstock. 
In a six-year study, Roberts and Blaney (1967) reported 
that length and position of dwarfing (M IX) and invigorating 
(M XVI) interstocks in composite apple trees influenced tree 
size, onset of flowering, or both. The initial response to 
Mailing IX, proportional to its length as an interstock, was 
earlier and increased flowering. This was followed by re­
duction in tree size as a result of heavier cropping. The 
Mailing XVI interstock favored increased tree size, but did 
not influence flowering. They suggested that onset of 
flowering in young trees is not dependent on growth reduction, 
and that vegetative and reproductive responses in apple 
involve closely related, yet distinct systems. 
Beakbane and Rogers (195^) found that when the growth 
of a series of trees that were bench-grafted directly on 
clonal piece-roots was compared with that of stem-grafted 
trees, the presence of a piece of rootstock stem intensified 
the rootstock effect, but its influence was small compared 
with that of different rootstocks. Complete excavations of 
mature trees on different Mailing rootstocks were reported by 
other investigators at the East Mailing Station. Rogers and 
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Vyvyan (1928) found that the roots of different Mailing 
clones retained their own distinctive morphological char­
acteristics even when growing below the same scion variety 
for ten to 20 years. However, it was found that the scion/-
root ratio remained the same regardless of tree size. 
Tukey and Erase (1933, p. 2) summarized the inter­
relationships as follows: 
The question is no longer which one part dominates 
the entire plant, since all have been shown to 
have marked influence at one time or another. The 
rootstock may be the limiting factor at one time, 
the union another, and the top cion another. The 
question is rather one of relation and degree 
between the consorting parts. The combination 
and intergrading of these factors determine the 
'build-up' of a fruit tree. 
It is well established that dwarfing apple rootstocks 
influence the precocity of bearing and fruit set of the scion 
variety. In recent years there has been an increasing 
interest in the effect of rootstocks on the quality, color, 
storage, and preservation properties of fruit. Interstocks 
have also been shown to influence the characteristics of 
fruiting. Many references to this may be found in the early 
literature. Austen suggested: "Set graft upon graft for 
diverse years together. The sap passing through the many 
kinds of stocks will cause influence unto the fruit of the 
last graft" (Graves 1950, P* 119)• Another example was 
described by Rea in 1665 (Graves 1950» P- 120) as follows: 
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. . .  b y  g r a f t i n g  t h e  Cyen of the Paradise Apple in a 
Crab, or other Apple-Stock, close to the ground, with 
one graft, and when that is grown to the bigness of a 
finger, graft thereon about eight inches higher, the 
fruit desired, which will stop the luxurious growth 
of the Tree, almost as well as if it had been im­
mediately grafted on the forementioned Layers, and 
will cause the Trees to bear sooner, more and better 
fruit. 
Earlier bearing of apple was reported by Tukey and Brase 
(19^3) when they imposed a three-inch stempiece of Mailing IX 
scion wood between a scion variety of apple and a French crab 
seedling stock. Maney (19^3) observed a similar result when 
the hardy apple, Clark Dwarf, was used as the intermediate 
stempiece. Sax (1957) reported that a knot tied in the stem 
of the rootstock or interstock will check the growth and pro­
mote earlier fruiting of grafted trees. The same results may 
be obtained by inversion of a ring of bark. 
Hewetson (1944), using 13 interstocks with Mcintosh 
scions, reported on the effect of the interstocks on fruiting 
characteristics, tree size, and the scion/interstock ratio. 
Fruit on trees with Mailing IX interstocks matured earlier and 
had a slightly higher color than fruit on the other trees. 
There was little significance between the interstock used and 
size of the fruit. In the early yearj the trees on Mailing 
IX interstocks led in cumulative yields. However, at the end 
of seven years those on Mailing IX had been surpassed by 
several groups having a more vigorous interstock, such as 
those on Mailing II and Hass. Of interstocks used, Hass had 
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the greatest influence on increasing the yield. There ap­
peared to be no correlation between the cumulative yields 
and average trunk circumference. 
Knight (1927) showed that both vigor of growth and 
fruiting capacity were considerably influenced by the nature 
of the interstock. Work reported by Longley (1953) and 
Lantz (1953) indicated that yields varied with the interstock 
used and that Hibernal interstocks appeared the most prom­
ising. From preliminary tests with interstocks for the 
variety Berlepsch, Schulz (1958) found the greatest effect 
on growth with interstocks of Mailing IX, which retarded 
growth, advanced fruiting, and resulted in higher yields in 
the early years. White (I961) found that Mailing IX and 
Clark Dwarf interstocks resulted in greatest growth re­
duction. 
Studies reported by Hilkenbaumer (1959) on the behavior 
of interstocks in 7^ stock/scion combinations showed variable 
results in shoot growth and yield. In general, vegetative 
growth was influenced more than fruit yield and quality. 
Prinz Albrecht as an interstock improved both yield and 
fruit color of the scion varieties propagated on it. Boskoop 
(a vigorous variety) improved yield of Cox's Orange Pippin and 
Glockenapfel on Mailing IX. Fruit color of Jonathan on 
Mailing IV and of Goldparmane on Mailing IX was enhanced by 
an Albrecht interstock, and that of Cox's Orange Pippin on 
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Mailing IX by Victoria. Differences in fruit size were 
generally related to the rootstock. 
Snyder, Alderman and Weir (1957) also showed an in­
fluence of the interstock on the scion, as reflected by 
yield. However, for an eight-year observation period, there 
was no correlation between tree size and total yield. Blair, 
Cannon and Beingessner (1955) reported that the use of 
interstocks for apples tended to reduce the cumulative yield 
over a 17-year period. The use of Mailing IX and Mailing IV 
as interstocks resulted in higher and earlier yields than 
their use as rootstocks. In general yielding ability was 
related to tree size or vigor. 
As yet our understanding of why a particular scion 
variety exhibits variation in growth, when worked upon differ­
ent stocks is limited. Scholz (1957) proposed four possible 
physiological influences which might reduce the growth of 
the scion. These were: (1) reduced water and mineral 
absorption, (2) reduced rate of water and mineral movement 
or reduced translocation of elaborated material, (3) 
production, distruction or impeded transport of growth 
regulators, and (4) incompatible graft unions. 
Some of the findings of Tukey and Brase (1933) indicated 
that the scion may affect root quantity, direction, form, 
longevity, hardiness, and chemical composition as well as 
affecting fruit color, flavor, and shape. These findings 
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demonstrated that both quantitative and qualitative alteration 
of the root system could be influenced by the scion. 
Ruck and Bolas (195^) have shown that varietal differ­
ences in net assimilation rate occur in the apple. The rates 
for four unworked apple rootstocks grown under a wide range 
of cultural conditions were in the order of vigor of the 
stocks, being higher in vigorous than in dwarfing stocks. 
Gregory (1957) demonstrated a rootstock effect on the net 
assimilation rate of an apple scion. Cox's Orange Pippin 
scions on vigorous rootstocks had a higher rate, over the 
whole season, than on dwarfing rootstocks. 
The importance of parenchymatous tissue in the physiol­
ogy of the plant is evident from the fact that it is the 
tissue mainly concerned with respiration and storage, 
and thus with the utilization of nutrients. In a series 
of papers by Beakbane and coworkers (1936, 1939» 19^1, and 
19^7), it was found that in addition to a high ratio of 
bark to wood, dwarfing rootstocks possessed a highly 
parenchymatous xylem and phloem. Thus the dwarfing rootstocks 
characteristically contain more living tissue per unit volume 
of stem and root than vigorous rootstocks. They also re­
ported that dwarfing stocks have a larger amount of ray 
tissue and a smaller amount of xylem fibers and vessels than 
vigorous stocks. The metabolic requirements of such roots 
must be higher. Beakbane (1956) suggested that a large 
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living tissue to plant surface ratio in dwarfing rootstocks 
may result in a deficiency of oxygen, leading to slower 
respiration, while in vigorous rootstocks a small living 
tissue to plant surface ratio may result in a plentiful supply 
of oxygen, leading to more rapid respiration. 
Studying the composition of several scion varieties on 
M IX and M XII rootstocks, Colby (1935) found that M IX roots 
were not starved for carbohydrates, fat, or nitrogen materials, 
and that the graft union did not interfere with downward 
translocation of carbohydrates and nitrogen. He also found 
that where an interstock of M IX was used, the retention of 
organic materials below the interstock in the spring was in­
creased. This seems to invalidate the hypothesis that early 
root suberlzatlon is the cause of the retention of organic 
reserves in the basal parts of the tree. 
Bovay (195^) used leaf analysis to determine the effects 
of rootstock, intermediate stock and fertilizer on mineral 
absorption by the trees. The presence of in the 
fertilizer reduced the K uptake, but there was an increase 
in and especially in N uptake. Mailing XII showed 
greater K but less N, P, and Ca uptake than Mailing XIII. 
Of the three intermediate stocks, Nlederlenz showed the great­
est nutrient absorption and Lebel the least. On Mailing XII, 
Nlederlenz absorbed a considerable quantity of K, but its K 
uptake was reduced on Mailing XIII. Lebel on Mailing XIII 
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showed weak nutrient absorption, especially of N. Bukovac, 
Wittwer and Tukey (1958) found that rooted cuttings of 
Mailing VII and IX absorbed less than Mailing XVI. 
Mcintosh scions on Mailing VII or IX absorbed and accumulated 
32 less P from root and leaf applications than those on 
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Mailing VI or Delicious seedling stocks. Less Ca was 
absorbed by Mcintosh on the dwarfing stocks than on the 
vigorous stocks. No marked accumulation of P^^ or Ca^^ 
was observed at the bud union. 
The failure of certain plants to intergraft and grow 
satisfactorily is a well-known phenomenon generally at­
tributed to incompatibility or uncongeniality between stock 
and scion. One needs merely to review the literature on 
stock/scion relations to become cognizant of the large number 
of references to this condition. However, the causes of in­
compatibility have received little attention and remain ob­
scure. The terms "incompatibility", "uncongeniality", and 
"lack of (graft) affinity" have been used by various authori­
ties to denote almost any symptoms which might suggest a 
discordant association between a species or variety used as 
a rootstock and another species or variety used as a scion. 
Horticulturists have often accepted the existence of this 
phenomenon without question and used it to account for various 
disorders from which fruit trees may suffer. In practice graft 
failure may be due to one or a combination of other factors. 
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Argles (1937» p. 9) in his review on stock-scion in-
compatability summarized various unsatisfactory results which 
may be produced by the different graft combinations under the 
following groups : 
1. Combinations of species or varieties in which no 
union is formed when the component parts are 
budded or grafted together. These are sometimes 
referred to as showing complete incompatibility. 
2. Combinations in which the percentage of union 
formed is relatively low. 
3. Combinations in which union occurs and in which 
the scion bud develops into a shoot a few inches 
long, but then dies back or breaks off at the 
point of union. Similarly combinations which 
grow apparently normally for a period in the 
orchard but tend to break off during windy 
periods or to decline and die before the 
initial vigour of the trees or of their com­
ponent parts grown separately would appear to 
warrant. The first of these are sometimes re­
garded as showing complete incompatibility, 
and the second partial or delayed incompati­
bility. 
4. Combinations which produce symptoms of ill-
health. 
5. Combinations which produce dwarfed or stunted 
trees. 
6. Combinations in which the growth of the scion 
outstrips that of the stock or vice versa, and 
which tend to produce a swelling at, or just 
above or just below, the union. 
The generally accepted method of overcoming incompatibil­
ity is to use an intermediate stempiece compatible with both, 
scion and rootstock. The classic dwarfing stock for the pear 
has been the quince, although certain varieties of pears will 
16 
not thrive or live for any length of time when dwarfed by 
grafting on quince roots. About the middle of the eight­
eenth century it became generally recognized that the way to 
succeed with dwarf pears was to use an intermediate stempiece 
between the variety and the quince rootstock. In work at 
East Mailing, Grubb (192?) found that pear interstocks also 
exerted stock influence on the vigor of the second scion as 
well as the time of bearing for that scion. Compatible 
interstocks can also be used to bridge incompatible combina­
tions of peaches, plums, and cherries (Erase and Way I965). 
Of considerable interest is the work by De Stigter 
reported by Rogers and Beakbane (1957) on the effect of allow­
ing some foliage to develop on the stock. He showed that for 
melon to make healthy growth when grafted on Cucurbita 
ficifolia, it was necessary to allow some foliage to develop 
on the stock and to maintain a balance between the size of 
the melon scion and the number of stock leaves. Removal of 
the stock leaves at any stage resulted in death of the plant. 
However, Mosse and Garner (195^) found that allowing the 
interstock to bear leaves did not lessen the incompatibility 
of the combination Victoria/President/Myrobalan B plum. De 
Stigter also tested intermediate stempieces of melon between 
scions of cucumber and stocks of Cucurbita ficifolia. A long 
intermediate caused incompatibility; but when the intermediate 
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was extremely short (l 1/2 cm) the same combination remained 
healthy, even after removal of the stock leaves. 
Dwarfing, in certain instances, may be attributed to 
incompatibility. However, incompatibility cannot account 
for all instances of reduced growth, since there is ample 
evidence that many of the smaller trees have normal, fully 
functional graft unions. It should "also be stressed that 
virus diseases may be responsible for some of the stock/-
scion failures that have been attributed to incompatibility, 
since many of the symptoms are similar. 
The transport of various materials through interstocks 
or across graft unions has been investigated as a possible 
mechanism of dwarfing. Beakbane (1953) suggested that the 
reduced vessel area in dwarfing stocks may cause an inter­
ference with the transport of mineral nutrients to the top, 
with a resultant dwarfing effect. Scholz (1957) made 
anatomical studies of stem cross-sections of M IX, M VIII, 
Clark Dwarf, M VII, and M II which showed that vessel number 
and cross-sectional area were positively correlated with tree 
size, when used as interstocks. Volume of xylem parenchyma 
and amount of ray tissue were found to be negatively corre­
lated with tree size. He suggested that interstock dwarfing 
could be explained on the basis of reduced water conduction 
through the dwarf interstock xylem and reduced nitrogen trans­
location through the phloem, resulting in reduced shoot 
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growth. This slowing or cessation of shoot growth would 
result in a carbohydrate buildup and the attendant induction 
of flowers. 
Rao and Berry (19^0) found earlier seasonal accumulations 
of starch in the scions on M IX stocks than in those on stocks 
of M XIII. There was also an accumulation of starch in the 
M IX stocks which was preceded by cessation of growth in the 
scion. The authors found no evidence of interference with 
translocation at the graft union. Friedrich (1953) investi­
gated photosynthesis, transpiration, and mineral metabolism of 
apple and pear varieties worked on various rootstocks and inter-
stocks. He found that varieties on Mailing IX showed the 
highest rates of photosynthesis and also a highly efficient 
water balance. During the winter months the enzyme activity 
in the bark showed characteristic curves for each rootstock 
and each scion variety grown on its own roots. In most cases 
the enzyme activity curve of the scion variety was changed 
when it was worked on a rootstock. 
Dana (1952), using found no build-up of carbo­
hydrates above the union of interstem trees. This was 
supported by Scholz (1957) who found that downward transloca-
32 tion of P through the bark was not impeded by the inter-
stock although there was greater accumulation in bark and 
wood of Clark Dwarf interstocks than in other parts of the 
trunk. 
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Studying the movement of water, Knight (I926) showed 
that unworked dwarf and vigorous stocks had different tran­
spiration rates. A single scion variety worked both on 
dwarf and vigorous rootstocks showed no difference in tran­
spiration, indicating that under the existing conditions 
water movement was not a factor limiting growth. Aoki and 
Yohoyama (1956) found that in trees which had developed 
normally after top-working, the variety of the interstock did 
not influence the osmotic pressure of the scion leaves, but 
in trees showing some degree of abnormality the osmotic 
pressure of the scion leaves was lower. Warne and Eaby (1939), 
studying transmission of water through graft unions, found 
that those with M IX interstocks offered greater resistance 
to flow of water than those combinations containing M VII. 
They also determined the conductivity in grams of water 
passed in 15 minutes at a negative pressure of 30 cm of 
mercury for stem pieces I5 cm and 7.5 cm in length. Con­
ductivity of the longer pieces was half that of the shorter. 
Preston (1952) expressed the view that the number of vessels 
in stems is normally greatly in excess of that required for 
transport of water and that xylem transport would not be a 
limiting factor in rootstocks and interstocks. 
Swarbrick et al. (19^6) suggested that plant growth 
substances may provide a basis for the explanation of inter-
stock effects. Dana (1952) and Scholz (1957) observed that 
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dwarf trees were more spreading, and proposed that this could 
be the result of lower levels of growth hormone in the trees 
propagated with dwarf interstems. However, Scholz was unable 
to measure a difference in branch angle of trees treated with 
various antiauxins. He also made growth inhibitor assays of 
the bark of five dwarf apple stocks and found no significant 
difference in the tests of fresh bark. However, tests of 
auxin inhibitors in ether extracts of lyophilized bark showed 
a correlation of degree of inhibition with the size differences 
of the trees in the field as well as their interstem dwarfing 
propensities. 
Sax (1953) observed that inverting a ring of bark on the 
stem of a young apple tree resulted in reduced growth. Sub­
sequent growth produced a swelling of the stem in the area of 
the inverted ring of bark. This swelling was attributed to 
the reverse polarity of the phloem so that auxin accumulated 
in this area and the concentration of auxin was responsible 
for the swelling. He attributed the dwarfing effect to in­
sufficient auxin reaching the root system. Sax (1957) 
postulated that inversion of a ring of bark on the trunk of 
the apple tree had the same effect as girdling the bark, the 
use of dwarfing rootstocks or dwarfing interstocks, or 
knotting the stem of the tree. Tests with radioactive tracers 
showed that in all of these methods of dwarfing apple trees 
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the treatment checked the normal phloem transport of organic 
nutrients. 
Preston and Barlow (1951) and Verner (1955)» using 
indolebutyric acid, found that auxin increased the crotch 
angles formed by the trunk and primary branches. Verner also 
showed that auxin produced in the growing shoots or leaves 
of yearling Delicious apple trees and moving downward through 
the phloem inhibited the growth of lateral buds, depressed 
the elongation of primary branches, and delayed the upward 
curvature normally occurring near the tip of a more or less 
horizontal branch. 
Dwarfing in some other plants has been shown to be 
related to auxin levels and perhaps an analogy can be made 
between these plants and dwarfing caused by apple rootstocks. 
Van Overbeek (1935» 1938) investigated the auxin content of 
a dwarf variety of corn and found that it contained a much 
lower level than certain more vigorous varieties. The dwarf 
corn had a more branching habit of growth than the vigorous 
varieties and also a tendency to become prostrate. He con­
cluded that there is sufficient auxin produced by the dwarf 
plant but that it is destroyed as it is translocated down­
ward. Similar conclusions have been drawn by DeHaan and 
Gorter (1936) from their studies of dwarfed varieties of peas. 
Rogers and Beakbane (1957) noted that one of the character­
istic features of dwarfing apple rootstocks is their branching 
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habit, and that extremely dwarf types, such as 3426, have a 
tendency to become prostrate when allowed to develop 
naturally. 
Experiments have been conducted attempting to increase 
the growth of dwarf plants by applications of growth sub­
stances. These plants have failed to respond to treatment 
with auxin, perhaps because of inactivation of the auxin by 
the plant. However, Phinney (1956) was able to cause a 
dwarf mutant of corn to make fully normal growth by treating 
it witb gibberellic acid. Not all types of dwarf corn 
responded to this treatment. Similar results were obtained 
by Brian and Hemming (1955) when dwarf peas were treated with 
gibberellic acid. Suitable doses of the chemical eliminated 
the differences in growth rate between tall and dwarf 
varieties. 
Rogers and Beakbane (1957) have concluded that the type 
of growth induced by dwarfing rootstocks is similar in many 
ways to that in other plants with low levels of auxins. 
They have proposed that a theory depending on the destruction 
of auxin or inhibition by substances in or coming from the 
stock would fit many of the observed rootstock and inter-
stock effects. 
A new group of organic chemicals, the growth retardants, 
was recently reviewed by Cathey (1964). These materials have 
been shown to retard stem elongation, increase green color of 
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leaves, and affect flowering without causing malformations of 
the plant. The newest addition to this group, N-dimethylamino 
succinamic acid (Alar) was discovered to have plant growth 
inhibiting properties by Eiddell al. (I962). The demon­
stration of its effectiveness on apples (Batjer _et a^. 1963) 
has caused considerable interest in the uses of this compound 
for fruit growing. Alar is a white crystalline powder, 
readily soluble in water, and has a low acute oral toxicity. 
Reductions in extension growth have been obtained by a 
number of researchers from foliar sprays containing Alar. 
The most marked reduction obtained by Luckwill and Weaver 
(1965) was with a rate of 2000 ppm applied two weeks after 
full bloom, which reduced extension growth one-third to one-
half of that of the control trees. Significant reductions 
were found with concentrations as low as 200 ppm with some 
varieties. Sprays applied five to six weeks after full 
bloom were less effective than those applied earlier. Similar 
results were obtained by Batjer et al. (I963) with spray 
concentrations of 2000 ppm Alar on Golden Delicious, Red 
Delicious, and Bing cherry trees. In another study Batjer 
et al. (1964) found that Alar effectively suppressed terminal 
growth of apple, pear, and cherry trees. This was due to 
earlier formation of terminal buds and a reduction of inter-
node length of one-half to two-thirds the length of those of 
the control trees. The sprayed trees had larger terminal 
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shoot leaves and a greater number of leaves per unit length. 
Luckwill and Weaver (I965) found that application of Alar 
reduced internode length along with a reduction in the number 
of leaves per unit length of stem. Brooks (1964), using two-
year-old pear seedlings, found that foliar sprays of Alar at 
4000 and 8000 ppm resulted in reduced terminal growth in the 
autumn of the same year and in reduced terminal growth and 
increased spur-type growth in the spring of the following 
year. 
Oldham (1966) treated Granny Smith and Delicious apple 
trees with single applications of 50O and I500 ppm of Alar 
about three weeks after full bloom. Both rates produced a 
very marked reduction in shoot growth in both varieties. 
Edgerton and Hoffman (1965) found that application of Alar 
as a foliage spray on three-year-old Delicious trees in mid-
June reduced terminal growth to about 40 percent of that on 
untreated trees. This reduced growth was characterized by 
shorter internodes, and leaves which were normal in shape 
but larger, thicker, and more intense in color. 
Numerous experiments have shown that Alar sprays applied 
the previous season, one to three weeks after bloom, resulted 
in a greater amount of bloom the succeeding year. Batjer 
et al. (1963) reported that Alar sprays effectively increased 
the bloom on apples, pears, and cherries. In another study 
they reported (Batjer _et 1964) a two- to twelvefold 
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increase in the amount of bloom on apple trees the spring 
following application of Alar sprays. The authors also pre­
sented evidence of Increased bloom without an appreciable re­
duction in shoot growth and suggested that increased flowering 
may be due to the direct action of the chemical, rather than 
to indirect effects. Oldham (1966) found that a single treat­
ment with either $00 or 1500 ppm of Alar about three weeks 
after full bloom resulted in increased flowering the year 
following treatment. Similar results were reported by Edger-
ton and Hoffman (I965). 
A number of other effects to fruit trees during the 
season of Alar application have been noted. Batjer et al. 
(1963 and 1964) reported that Alar caused a reduction in 
fruit size, shortened fruit stems (on Golden Delicious), 
improved fruit color, brought earlier maturity in cherries 
but not in apples, increased firmness of apples after storage, 
and reduced the incidence of storage scald in Delicious 
apples. The authors also reported that sprays applied for 
a second consecutive year on Delicious and Anjou pears were 
less effective in reducing shoot growth than those applied 
during the first year. 
Luckwill and Weaver (I965) observed no significant dif­
ference in crop weight due to treatment with Alar (concen­
tration ranged from 200 to 2000 ppm), but early sprays at 
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2000 ppm significantly reduced fruit size in two varieties. 
No effect on fruit size resulted from sprays applied five to 
six weeks after "bloom. Edgerton and Hoffman (I965) found that 
prebloom sprays of Alar on mature trees delayed bloom by one 
to three days and resulted in higher fruit set when frost 
occurred following treatment. Applications of Alar early in 
the growing season reduced fruit size at harvest. 
Williams _et al. (1964-) found that Alar applied to apple 
trees several days after full bloom largely prevented the 
development of scald on the fruit in storage and significantly 
extended the shelf life of the fruit after removal from 
storage. The treated fruit remained firmer than the checks 
in storage and softened at a slower rate when ripened. 
Batjer and Williams (1966) reported that Alar applied to De­
licious and Winesap apple trees delayed the development of 
watercore and was effective in reducing harvest drop. Treat­
ments early in the season were more effective than late ap­
plications. Treated fruits were firmer and somewhat lower 
in soluble solids. 
Edgerton and Hoffman (1965) applied Alar after treatment 
of Mcintosh apple trees with 2,4,5-T two weeks before harvest 
and found that the Alar treatment counteracted the premature 
ripening effect of 2,4,^-T. The fruits were as firm or 
firmer than the control and significantly firmer than fruits 
from the trees receiving the 2,4,5-T sprays alone. In another 
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study, Edgerton and Hoffman (1966) found that Alar applied 
between full bloom and September gave good control of pre-
harvest drop of Mcintosh apples. Anatomical studies showed 
that delayed fruit drop was associated not only with delayed 
fruit maturity but also with changes in the abscission zone. 
Firmer fruit at a given date, and enhanced anthocyanin forma­
tion were associated with Alar treatment. 
Studying the movement and fate of Alar in apple seed­
lings, Martin et al. (1964) found that the chemical was 
distributed rapidly within the plant, apparently through 
the transpiration stream. Alar was also found to be re­
sistant to breakdown, as the authors were able to recover 79 
percent of the original compound from apple leaves after a 
period of four months. Ryugo (1966) studied the persistence 
and mobility of Alar in sweet cherries and found that Alar 
was present in new leaves in the spring following a late fall 
application. The residue level in green fruits decreased 
initially, but gradually increased in the ripening fruit, 
indicating that movement into the fruit exceeded the rate of 
its catabolism. Alar also curtailed shoot elongation and 
induced early production of anthocyanins in the fruits. 
Martin and Williams (1966) studied the breakdown 
products of Alar labeled in the dimazine and succinic acid 
positions and found similar decomposition rates for both 
labels. Alar moved freely into all areas of the plant. 
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including passage into the soil via the roots. The major 
extractable radioactivity appeared as Alar, with breakdown 
iL to C Op occurring slowly throughout the growing period. The 
amount of breakdown coincided with Reed's (I965) hypothesis 
regarding growth reduction via the release of the dimethyl 
hydrazine, which inhibits the action of diamine oxidase and 
ultimately results in less synthesis of lAA. 
Martin et aJ. (196^) proposed that Alar interferes with 
the action of natural gibberellins, since the latter increase 
the growth potential of elongating internodes while the effect 
of Alar is to decrease internode length. When Mcintosh shoots 
were treated with Alar and gibberellin (Edgerton and Hoffman 
1965)} the Alar counteracted the stimulus of a high GA con­
centration. 
The flowering mechanism of plants has been extensively 
studied for some time. Galston (19^7) has proposed an 
antagonistic reaction between the growth regulating sub­
stances (auxins) and the flower-producing substances. He 
reported that 2,3,5-triiodobenzoic acid (TIBA) induced 
flowerlike responses in soybeans on long days. Esteves-de-
Sousa (1950) obtained similar results with Kalanchoe rotundi-
folia, finding that synthetic auxins delayed flowering and 
synthetic antiauxins induced flowering. Bakhuyzen and Witten-
rood (1952), while studying the relationship between flower 
production and tuber production in Jerusalem artichoke, showed 
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indoleacetlc acid (lAA) and naphthaleneacetic acid (NAA) re­
tarded both flower and tuber production on short days but 
TIBA induced flower and tuber production on both short and 
long days. Dostal (1963) demonstrated an antagonism between 
TIBA and lAA on the first internode in Linum and on the 
petioles of the cotyledons of Pisum. 
In studies involving floral induction of soybeans, the 
results of Fisher (1953) supported the hypothesis that flow­
ering is conditioned by a balance between auxin produced in 
young tissues, and a flower forming substance produced in 
older leaves. Flowering was hastened by: (a) the removal 
of young leaves; (b) short days; (c) a high ratio of mature 
leaves; and (d) spraying the plants, particularly the young 
leaves, with antiauxins. He was able to stimulate earlier 
flowering with antiauxin materials, TIBA, and nicotine sulfate. 
Removal of immature leaves also induced earlier flower 
formation while removal of mature leaves delayed flowering. 
Scholz (1957) applied chemicals known to have antiauxin 
properties to standard apple trees in an attempt to produce 
dwarfing characteristics without the use of growth controlling 
stocks. Materials used included coumarin, nicotine sulfate, 
TIBA, 2,4,6-T, and 2,^-,5-T. Measurements consisted of three 
known indications of dwarfing; that is changes in branch 
angles, reduced growth, and precocious flowering. Trees 
treated with TIBA and 2,4,5-T averaged only about one-half 
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the growth of the control. These differences were not 
significant because of the high variation in growth of the 
newly planted trees. More spreading growth was caused by 
2,4,5-T, but again the difference in branch angle from the 
control trees was not statistically significant. No flowers 
were noted the following spring. Spray treatments were re­
peated the following year on field planted trees with only 
observations on flowering reported. One tree treated with 
2,4,5-T had one normally appearing terminal flower truss 
which set fruit. Two trees treated with TIBA flowered, with 
several abnormal appearing terminal trusses which did not 
set fruit. 
Golden Delicious trees grown in pots in the greenhouse 
showed a significant growth inhibition due to treatment with 
TIBA. Obvious damage to leaves was caused by 2,4,^-T, as 
well as early growth reduction (Scholz 1957)- TIBA treat­
ment also resulted in wide branch angles. Some normal flowers 
were formed on these hrees but flowering was not corrected 
with treatment. 
Edgerton ^  (1964), s ^udving the effect of TIBA 
on flowering and fruit set of apple trees, found that there 
was a varietal response to this material. TIBA sprays 
applied after bloom did not increase flowering of E. I. 
Greening and Northern Spy the following spring. In contrast, 
TIBA sprays applied two to four weeks following bloom caused 
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a significant increase in flower bud formation of bearing 
Baldwin apple trees. In another study, Edgerton and Hoffman 
(1965) found that TIBA and maleic hydrazide (MH) promoted 
flowering of three-year-old Red Delicious. Three applica­
tions of TIBA at 25 ppm promoted significantly more flowering 
than the single application. However, the application of 
TIBA caused more leaf epinasty than any of the other treat­
ments and some effects on leaf size and shape persisted until 
growth ceased. A widening effect on the crotch angle of the 
lateral shoots and branches was noted with the TIBA treatment. 
Bukovac (1963), working with three-year-old Delicious apple 
trees, reported that TIBA sprays stimulated flower bud 
formation on these young trees. NAA spray also resulted in 
a slight increase in bloom although much less than TIBA. 
The TIBA-sprayed trees were more open and spreading than the 
controls. The author suggested applications of TIBA as a 
means of insuring wide angle crotches in young apple trees. 
Studying alternate cropping of Delicious apple trees, 
Greenhalgh (I965) found that TIBA treatment caused more 
blossom buds to be formed in the "on" year, with a consequent 
increase in crop in the following "off" year. There was also 
a reduction in fruit set and in fruit size following TIBA 
treatment in the "on" year. Gorter (I966) injected solutions 
of TIBA into the branches of apple and pear trees in April 
and June. The following year the number of flower trusses 
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was greatly increased on the treated shoots, particularly on 
two-year-old wood. There was a reduction in the number of 
leafy shoots and in the number of leaves and the leaf area 
on both vegetative and flowering shoots. 
Early fruit thinning has long been known to be effective 
in breaking the biennial-bearing habit of apples. In recent 
years post-bloom sprays of naphthaleneacetic acid (NAA) 
have increased blossom bud formation through effective fruit 
thinning. Several reports indicate that NAA may be directly 
involved in fruit bud formation and that this effect is in 
addition to the indirect promotion of fruit bud differentia­
tion through effective thinning. Harley et (1958), 
working with alternate-bearing Golden Delicious apple trees, 
found that defoliated limbs treated with. 10 ppm NAA produced 
more bloom the following year than limbs which had been de­
foliated and unsprayed. Similar results were obtained in a 
study using Delicious apple trees (Harley and Regeimbal 1959)• 
1 k 
Using NAA tagged with C , it was found that NAA moved from 
the spur-leaf and accumulated in the bud. 
Batjer and Thompson (196I) concluded that any increase 
in repeat bloom above what could be expected from the re­
duction in set was due to indirect effects of thinning. 
Southwick and Weeks (1952) also indicated that repeat bloom 
in apples following chemical thinning with NAA is roughly 
proportional to the degree of thinning. 
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McKee ^  a^ . (1966), working with 30-year-old Mcintosh 
trees, reported that thinning treatments with NAA at five 
and ten ppm greatly increased repeat bloom, but there was no 
relationship between the degree of thinning and the amoimt 
of repeat bloom. Approximately half of the increase in 
flowering associated with chemical thinning was from increased 
flowering of non-fruiting spurs and half was the result of 
increased flowering of fruiting spurs and the development 
of new spurs. 
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MATERIALS AND METHODS 
Interstook Experiments 
The Clark Dwarf interstock trees used in this study were 
all grafted on whole-root, Bedford seedlings. The propaga­
tion and handling of this material was carried out by-
Interstate Nurseries, Hamburg, Iowa. During March of i960, 
three-inch stem pieces of Clark Dwarf were grafted onto 
Bedford seedlings two inches above the collar, using the 
whip and tongue technique. The grafts were callused and 
field grown for a period of one year. The following spring 
the desired scion varieties were bench grafted onto new 
growth, of Clark interstem pieces leaving overall interstern 
lengths of four, eight, and 12-inches. These trees were 
planted at the Iowa State University Horticulture Farm in 
the spring of I962. 
The scion variety used in the first experiment was 
Starkrimson, a spur type Delicious sport. This study con­
sisted of a split plot design with the three main treatments, 
replicated three times as follows: 
1. Standard dwarf: trees trained to the regulated 
system described by Preston (1954). These trees 
were spaced I6 feet apart in the row with two trees 
in each subplot (Figure 1). 
Figure 1. Dwarf interstock tree trained to the standard 
system. Note suckers around base of tree 




2. Hedgerow: trees were developed with a good frame­
work of well-spaced branches and spurs so that the 
trees were open to light and air. These trees were 
spaced eight feet apart in the row with four trees 
in each subplot. The trees were grown as small 
bush trees, with, minimum pruning, thus allowing the 
branches to fill the space between trees, approaching 
a hedgerow (Tukey 1964). 
3. Espalier: trees were trained on a trellis five feet 
high, with four horizontal wires at two, three, four, 
and five feet. The wires were supported by wood 
posts set l6 feet apart in the row. Lateral branches 
were trained to the horizontal wires (Figure 2), as 
outlined by Tukey (1964). These trees also were 
spaced eight feet apart in the row with four trees 
in each subplot. 
The main plots were divided into three subplots consisting 
of Clark Dwarf interstock lengths of four, eight, and 12-inches. 
The rows in this experiment were 20 feet apart to facilitate 
maintenance. Six-foot, metal fence posts were set adjacent 
to each, of the trees in the standard and hedgerow training 
systems and a wire extended between these posts two feet 
above the ground. The trees were tied to the wire for sup­
port. The area was maintained under clean cultivation for 
the first two seasons, with a winter cover of rye planted each 
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year. In later years a permanent sod was allowed to develop 
between the rows, cut by a rotary mower, and the area around 
each tree kept weed free by hand hoeing. The trees were 
sprayed regularly throughout the course of the study, following 
a standard spray program. Clark Dwarf bark is especially 
attractive to rodents, and it was necessary to protect all 
trees carefully with wire wraps. 
A second experiment, using Chieftain as the scion 
variety with Clark Dwarf interstocks of four, eight, and 12 
inches on Bedford roots, -was planted in a randomized block 
design replicated ten times. These trees were planted l6 
feet apart in the row and trained as standard dwarf trees 
as outlined above. 
The material for these studies was selected on the basis 
that it represented stock having the greatest promise for use 
as component parts for dwarf interstem trees adaptable to 
the Great Plains area of the United States and Canada (White 
1961). A brief synopsis of the origin of these plant 
materials follows : 
Bedford: seedling of Cluster, originated at Brandon, 
Manitoba in 192? (Close 1930) 
Chieftain; parentage Jonathan X Delicious, introduced 
by the Iowa Agriculture and Home Economics 
Experiment Station in I966 (Denisen 1966) 
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Clark Dwarf: a dwarfing stock found in Muscatine, Iowa in 
1924 and introduced in 19^7 (Maney 1928) 
Starkrimson: spur type Delicious, discovered in the orchard 
of R. A. Bisbee, Hood Elver, Oregon in 1952 
and introduced by Stark Brothers Nursery, 
Louisiana. Missouri (Blodgett i960). 
Data on trunk girth, extension growth, sucker production, 
blossom trusses, and fruit set were recorded at yearly 
intervals. Final tree height was determined along the central 
axis of each specimen. The suckers formed at the base of the 
tree were removed each year and the number recorded. 
Trunk girth was determined with a steel tape each year 
at a position marked with paint. It has been determined by 
Pearce (1952) that trunk girth is a reliable index of tree 
size for a given variety on different rootstocks but is not 
reliable for comparisons between varieties. Measurements 
were taken in the middle of the interstock section and eight 
inches above the graft union of the scion variety. Extension 
growth measurements were made using,the terminal shoot and 
the two longest limbs on each tree. Fruit set and blossom 
counts were determined on the entire tree in the early years 
but as the trees became larger this was no longer feasible, 
and later comparative counts were made on two marked branches, 
assuming that these were representative samples for each tree. 
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Since a large number of trees was lost during the course 
of the study, the measurements on the remaining trees in each 
subplot were averaged and these values used in the analysis 
of variance. While this introduced a certain amount of error 
it was the best estimate available. The analysis was 
programmed and completed on a punch card digital computer. 
The data obtained for the trees of the Chieftain variety were 
not analyzed statistically since half of the trees with the 
four-inch interstock were lost. 
In June of 1967 the first row of approximately 30 trees 
was undercut, the roots washed free of soil and examined for 
location and extent of suckering, as well as root orientation. 
The stumps were cut longitudinally through both graft unions 
with a band saw and examined. 
Effect of Addition of Dimethylsulfoxide 
to Growth Regulating Sprays 
A study was conducted to determine if dimethylsulfoxide 
(DMSO) would be useful to aid the penetration and improve the 
effectiveness of growth regulating materials used on apples. 
This material has received considerable attention concerning 
its potential use in medicine, plant pathology, and as a 
systemic carrier of chemicals. Sciuchetti and Born (I965) 
found that the inhibitory effects on height, growth, and 
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alkaloid content of Datura tatula were greater in those plants 
receiving the combined treatment with DMSO and growth re­
tardants, B995 and CCG, than in those treated with retardant 
alone. 
A ten-year-old block of standard Golden Delicious trees 
planted at a spacing of ten by ten feet was used in this 
study. These trees had received little pruning or other 
cultural attention for several years and were very dense, 
thus making only a small amount of annual growth. They had 
produced a fair crop the previous season and appeared to be 
in the "off year" of an alternate bearing cycle. These trees 
were pruned lightly to remove the excessive growth from 
around the base of the trunk. Some thinning out of branches 
near those selected to receive the spray application was also 
necessary. One or two limbs as close to the west side of 
the tree as possible were selected for treatment. The treat­
ments were applied using separate two-gallon, Hudson sprayers 
for each material. The selected limbs each received a total 
of three spray applications on the following dates: May 24, 
June 3J and June l6, 1965. The treatments are listed in 
Table 1. 
Five terminals were selected randomly for periodic 
measurement of extension growth during the growing season, 
starting when the first spray treatment was made. Blossom 
counts were made the following spring using growth from the 
42 




2,3,4-Trilodobenzoic acid (TIBA) 
Alpha-naphthaleneacetic acid (NAA) 
TIBA + DMSO 




10 ppm + 1 ^  
100 ppm + 1 ^  
1 # 
^A knife cut through the bark, circling the stem. 
previous three years, again using five terminals selected 
at random. The experimental design was a randomized block 
with seven treatments replicated 12 times. 
Treatment of Standard Trees with Growth Regulators 
A study to compare the effect of selected auxin and 
antiauxin chemicals on the promotion of flowering and modifi­
cation of growth of standard apple trees was conducted. The 
trees used in this study were in a small block located in 
the Iowa State University orchard, planted in 1962 on seedling 
rootstocks. The seven treatments (Table 2) were applied to 
trees selected at random in each of five blocks. Four of 
these blocks contained trees of the Jonadel cultivar, 
> 
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2,3,5-Triiodobenzoic acid (TIBA) 1 
2,3»5-Triiodobenzoic acid (TIBA) 100 
M-dimethyl amino succinamic acid (Alar) 500 
N-dimethyl amino succinamic acid (Alar) 2000 
Alpha-naphthaleneacetic acid (NAA) 10 
Alpha-naphthaleneacetic acid (NAA) 100 
introduced by the Iowa State University Experiment Station 
in 1958 and originating from a cross of Jonathan X Delicious. 
The fifth block contained the Connell Bed cultivar, be­
lieved to be a red sport of Fireside discovered in 19^9 by 
Mr. William Connell in his orchard at Minomanie, Wisconsin 
(Alderman 1958). 
Each treatment was applied three times to each tree at 
ten-day intervals starting at petal fall: May 20, May 30, 
and June 10, 1965. The entire tree was sprayed each time 
using a three-gallon Hudson sprayer. 
Five limbs, including the leader, were selected and 
marked at the beginning of the two-year wood (Figure 3), for 
recording data on each tree. The amount and location of the 
Figure 3- Diagram showing the annual shoot and spur 
development for the sample limbs 
m5 
46 
"bloom produced in I965 were recorded and the bloom removed by 
hand. In addition, the number of lateral branches on each 
main limb was recorded and each lateral marked to facilitate 
identification (Figure 3). The number of spurs on each main 
branch was also recorded. Trunk girth for each tree and the 
girth of each of the limbs were determined. 
Extension growth of terminal shoots on each of the main 
branches and on the primary lateral shoots (Figure 3) on each 
branch was recorded, starting at the time of the first spray 
application and continuing at periodic intervals during the 
growing season of I965. Trunk and limb girth measurements, 
along with spur and lateral shoot counts, were determined at 
the end of the growing season. 
The following spring, the quantity and location of the 
bloom were noted. Fruit set records were made and fruit 
yields determined. The repeat bloom was also determined in 
the spring of 1967. In addition, extension growth measure­
ments were made at the end of the 1966 growing season to 
determine the carry-over effect of the chemical treatments 
used. The analysis was completed with the punch card digital 
computer. 
Chemical Regulation of Adventitious Shoot Development 
A series of studies was conducted in the greenhouse 
using seedlings of the Garnet variety to gain information on 
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adventitious shoot formation from dwarf apple tree combina­
tions. Garnet, a seedling of Mcintosh, originating from the 
Central Experiment Farm, Ottawa, Canada, has been used by 
some nurseries as a rootstock for apples (Close 1929). 
In a preliminary study (Figure 4) it was found that 
girdling (Figure 6) by removing a one-half inch stip of bark 
from the circumference of the stem was as effective as re­
moving the entire top (Figure 5) of the seedling in promoting 
adventitious shoots near the base of the plant. This was 
also found to be more effective than scoring, that is making 
a cut through the phloem around the stem of the seedling. 
Girdling was selected as the method to be used in treating 
these seedlings with growth regulating chemicals, since it 
would allow the xylem to remain intact and provide transport 
of water and minerals to the top, while interfering with 
downward movement of materials. 
Quantities of the chemical to be tested were first dis­
solved in a small quantity of ethanol and mixed thoroughly 
with a known quantity of melted lanolin to give the desired 
concentration of the test material. This was allowed to 
cool and then applied to the one-half inch girdled stem 
section. The test plants had first been allowed to become 
established in eight-inch pots in the greenhouse before 
girdling just above the root-stem transition zone with a 
sharp knife. A relatively uniform layer of the lanolin could 
Figure 4. Shoots produced on Garnet seedling stems with 
various mechanical treatments 
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CONTROL SCORED GIRDLED HEADED 
TREATMENT 
Figure 5* Normal seedling (left) and headed seedling 
(right). Note the shoot development on 
treated plant 
Figure 6. Seedling with a one-half inch girdle around 
the stem. Note the shoot development below 
the stem girdle and proliferation of tissue 
immediately above the girdle (arrow) 
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then be applied with a glass rod. Adventitious shoot develop­
ment was recorded at periodic intervals on the area just 
below the girdle. 
In another experiment, test plants were treated by 
soaking the roots of the dormant seedlings for a period of 
12 hours in aqueous solutions containing the chemicals. The 
test plants were then potted and allowed to grow for approxi­
mately one month in the greenhouse. The roots were then 
washed free of soil and inspected for development of 




Clark Dwarf interstock trees with scion varieties of 
Starkrimson and Chieftain on Bedford rootstocks were used to 
study the effect of four, eight, and 12-inch interstock 
lengths and three training systems on the growth and pro­
duction of dwarf trees. The results are summarized under 
the following sections: sucker production, growth measure­
ments, and bloom and fruit production. 
Suckers 
Many of the dwarf and semidwarf trees are known for 
their tendency to sucker. The particular combination used 
in this study was no exception. The suckers produced around 
the base of these trees were removed each year by scraping 
some of the soil from around the trunk and cutting them as 
low as possible. The number removed was recorded and the 
results are presented in Table 3. The analysis of variance 
for the total number of suckers produced per tree for the four 
years is presented in Table 4-. These data show that the 
training system did not have a significant effect on the 
number of suckers produced even though those formed on trees 
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Table 3. Mean number of suckers removed per tree In the 
interstock block 
Training Interstock Suckers removed per tree 
Variety system length 1964 1965 1966 1967 Total 
in 
Starkrimson espalier 4 3 .0 9. 8 8, .7 6 .4 27 .9 
8 3. 3 8. 4 9. 7 9, .3 30 .7 
12 7. 2 12. 9 12, .9 13. 1 46, .1 
hedgerow 4 2, .7 13. 4 13. 5 18, .4 48, .0 
8 6, .9 20. 7 22,  .6 24, .8 75. 0 
12 13. 4 23. 4 28.  4 32. 9 98, .1 
standard 4 3. 7 10. 0 15. ,8 22.  0 51. .5 
8 5. 3 22.  0 19. 7 37. 7 84.  7 
12 12, ,2 31. 5 29. ,8 36. ,2 109. 7 
Chieftain standard 4 1. 2 3. 2 9. ,2 13. ,2 26. ,8 
8 4. ,2 10. 8 16. ,4 17. .6 49. ,0 
12 13. ,8 28.  2 25. , 6 25. ,8 93. ,4 
trained to the espalier system had 45 percent fewer suckers 
(Figure 7 and 9). 
The analysis revealed that there was a significant ef­
fect due to the length of the interstock. As the interstock 
length increased, the number of suckers also increased 
(Figure 11). There was a similar response for all three 
training systems (Figure 7), both scion varieties (Figure 10) 
and for each year (Figure 8). The effect of years was highly 
significant (Table 5). 
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Table 4. Analysis of variance of total suckers removed 
(four years) 
Source d.f. s. s. m. s. 
Blocks 2 1,336.9  668.4 
Training system 2 11,364.2  5 ,682.1  
B X T 4 23,325.4  5 ,831.3  
Interstock 2 7,996.9  3 ,998.5* 
T X I 4 1,464.0  366.0 
Error 12 9,405.4  783.8  
^Significant at the .05 probability level. 
Table 5- Analysis of variance of suckers 
Source d.f. s.s. m.s. 
Blocks 2 332.7  116.4 
Training system 2 2,843.0  1,421.5 
B X T (error A) 5,832.6  1,458.1 
Interstock 2 1,997.1  998.6* 
T X I 4 366.5 91.6 
Error (B) 12 2,349.6  195.8  
Years 3 3,673.6 1,224.5** 
T X Y 6 932.1  155.3* 
I X Y 6 106.5 17.7 
T X I X Y 12 261.3 21.8  
Error 54 3,324.0  61.6 
^Significant at the .05 probability level. 
^^Significant at the .01 probability level. 
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It was observed after several of the trees were dug and 
the root systems washed free of soil that the majority of the 
suckers were originating from the rootstock at or within two 
inches of the soil surface (Figure 12). Only an occasional 
shoot would arise from the interstock. It was also found 
that the suckers would arise from as deep as ten to twelve 
inches below the surface of the soil (Figure 13) and that 
there were many recently initiated suckers that had not yet 
reached the soil surface. Suckers were also originating from 
some of the main lateral roots as well as the tap root. 
Laterals located close to the surface and those injured in 
cultivation were also sites from which suckers developed 
(Figures 14 and 16). Suckers were found some distance from 
the tree as well as around the base (Figure 15)» 
Examination of the root systems of these trees showed 
many of them had roots that were distorted as though 
restricted by the planting hole (Figure 1?) while others had 
a typical well spaced root system (Figure 18). There was 
some evidence of natural root grafts as depicted in Figure 1?. 
About 30 percent of the trees in this experiment were 
lost during the course of the study. The overall mortality 
is shown in Table 6 and graphically by treatments in Figure 
19. It was found that approximately 50 percent of the trees 
with four-inch interstocks were lost, while those with 12-
inch interstocks had almost a 90 percent survival. 
Figure 7. The effects of training system and interstock 






TOTAL SUCKERS PER TREE (4YEARS) 
Figure 8. The effect of interstock length, on the number of suckers produced 
by years 
NUMBER OF SUCKERS PER TREE 
09 
Figure 9. The effect of training system on the number of suckers produced 
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Figure 11. Sucker development on four-inch interstock 
(left), eight-inch interstock (center) and 
12-inch interstock (right) 
Figure 12. Sucker development on rootstock of a dwarfing 
interstock tree. Most suckers originate with­
in two inches of the soil surface (arrow). 
Also note stub (center) with several new 
suckers developing from it 
66 
Figure 13. Origin of suckers. Some of the suckers origi­
nated as deep as ten inches below the soil 
surface (arrow). Mote also that many new 
suckers are just developing 
Figure 14. Suckers originating from along main lateral 
roots (arrows) 
68 
Figure 15- Suckers, originating at some distance from the 
base of the tree 
Figure l6. Sucker development on lateral roots that have 
been injured in cultivation 
70 
Figure 1?, Root system of dwarf interstock tree showing 
distortion of the roots. Note formation of 
natural root grafts (arrows) 




Table 6. Percent survival of Clark Dwarf interstock trees 
Training Interstock length 
Variety system 4-inch 8-inch 12-inch 
% 
Starkrimson espalier 42 58 75 
hedgerow 58 75 92 
standard 6? 50 100 
Chieftain standard 50 90 90 
These losses were the result of a variety of causes. 
Pireblight accounted for the loss of some of these trees, 
particularly from infection of the susceptible suckers origi­
nating from the Bedford rootstock. In some cases the inter-
stock died, possibly from winter injury, resulting in death 
of the entire tree. In a number of cases the trees made ex­
tremely poor growth with many of these eventually dying. 
Losses also occurred from breakage, primarily at the lower 
graft union (Figure 20). 
The unions of these trees were cut longitudinally and 
examined for evidence of incompatibility. The examination 
showed no conclusive reason for this breakage (Figure 21). 
There was some evidence of necrotic tissues and what ap­
peared to be a disorganization of the xylem tissue in the 
Figure 19. The effect of training system and interstock 
length on the percentage survival of Stark-











Figure 20. Loss of a tree through breakage at the lower 
graft union 
77 
Figure 21. Longitudinal section through the trunk of a 
Clark Dwarf (four-inch) interstock tree. Note 
the thicker bark of the interstock 
79 
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area of the lower graft union. From all appearances the 
lower union was equally as strong as the upper. 
Growth measurements 
Several indices of growth were used to determine if the 
treatments used had an effect on the growth rate and the size 
of the interstock trees. One of the indicators was the 
circumference of the trunk, or trunk girth, which was 
determined each year for the scion variety (Tables 7 and 8 
and Figure 22). Training systems did not result in a marked 
difference in trunk girth of the scion, except that those 
trained to the espalier system were slightly smaller. The 
trees trained to the espalier system also had smaller annual 
increments of growth than trees trained to the other two 
systems (Tables 10 and 11 and Figure 23). 
Interstock length apparently did not have an effect on 
trunk girth during the early years, as shown by the growth 
measurements in Table 7 and the annual growth increment for 
1964 (Figure 23). However, after 1964, the length of the 
interstock appeared to have had an influence on the annual 
growth rate of the trunk, with decreasing growth as the inter-
stock length increased (Figures 23 and 24). While this 
difference was not statistically significant the trend was 
consistent for both years and for both scion varieties. This 
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Table 7- Average trunk glrth^ of scion variety 
Training Interstock Trunk girth^ 
Variety system length 1963 1964 1965  1966 
in cm cm cm cm 
Starkrimson espalier 4 6.1 7.2 8 .3  9 .5  
8 5 .9  7 .3  8 .2  9 .5  
12 6 .3  7 .2  8 .0  9 .3  
hedgerow 4 6.1 7.4 8.7 10.3 
8 7.4 8.7 9 .9  11.4 
12 7.1 8.5 9 .5  10.6 
standard 4 7 .2  8 .7  10.0 11.8 
8 6 .8  8 .4  9 .6  10.8 
12 6.6 8.3 9 .4  10.6 
Chieftain s tandard 4 10.7 12.6 15 .0  
8 10.4 11.8 13.8 
12 9 .7  11.3 13.1 
^Circumference measured eight inches above graft union. 
Trunk girth at the end of growing season indicated. 
Table 8. Analysis of variance of trunk girth 
Source d.f. s. s. m.s. 
Blocks 2 7.55 3 .77  
Training systems 2 33 .87  16 .93  
B X T (error A) k 93 .20  23 .30  
Interstocks 2 1.11 0.56 
T X I 4 11.42 2.86 
Error 12 52.52 4 .38  
Years 3 211.60 70.53** 
T X Y 6 2 .10  0 .35  
I X Y 6 1.08 0.18 
T X I X Y 12 0.46 0.04 
Error 54 13 .70  0.25 
^^Significant at the .01 probability level. 
Figure 22. Average trunk girth measurements of Starkrimson 
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Table 9. Increase in average trunk girth^ of scion variety-
Training Interstock Trunk girth increase 
Variety system length 1964 1965 1966 Sum of 
1965-66 
in cm cm cm cm 
Starkrimson espalier 4 1.06 1.12 1.24 2 .36  
8 1 .35  0 .89  1.30 2.19 
12 0 .97  0 .79  1.25 2 .04  
hedgerow 4 1.27 1.27 1.66 2 .93  
8 1.34 1.13 1.51 2 .64  
12 1.33 1.06 1 .15  2.21 
standard 4 1.68 1.26 1.80 3.06 
8 1.60 1.20 1.23 2 .43  
12 1.63 1.12 1.22 2 .34  
Chieftain standard 4 1.78 1.88 3.66 
8 1.42 1 .99  3.41 
12 1.61 1 .75  3 .36  
^Circumference measured eight inches above : the upper 
graft union. 
Table 10. Analysis of variance of increase in trunk girth 
Source d.f. s.s. m. s. 
Blocks 2 0.24 0.12 
Training systems 2 1.32 0.66 
B X T (error A) 4 3.46 0 .86  
Interstocks 2 0.58 0.29 
T X I 4 0.18 0.05 
Error (B) 12 2 .72  0.23 
Years 2 1.35 0.67** 
T X Y 4 0.41 0.10 
I X Y 4 0 .33  0 .08  
T X I X Y 8 0.52 0.07 
Error (C) 36 3 .04  0.08 
**Signifioant at the .01 probability level. 
Figure 23. Average annual increase in trunk girth of 
Starkrimson scions as influenced by training 
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Figure 2k. Increase in trunk girth for I965 and 1966 of 
Starkrimson scions as influenced by training 






Table 11. Analysis of variance of total trunk girth increase 
for 1965 and 1966 
Source d.f. s.s. m. s. 
Blocks 2 0.77 0.38 
Training systems 2 1.00 0.50 
B X T (err.or A) 4 5.53 1.38 
Interstocks 2 1.61 0.81 
T X I 4 0.28 0.07 
Error 12 4.75 0.40 
change in growth pattern as influenced by interstock length 
appeared to coincide with the onset of flowering and fruit 
production. 
The results of a final measurement of interstock cir­
cumference (Tables 12 and 13) indicated that the interstock 
length had a significant effect on the interstock girth. As 
shown in Figure 25 and 26, the interstock effect was the 
same as indicated for the scion trunk girth. Again the inter-
stock girth of the trees trained to the espalier system was 
less than for those of the other two training systems. 
Data in Table 14 show that both the scion and the inter-
stock girth increased at about the same rate early in the 
growing season of 1964 with a 14.2 and 13-5 percent increase 
respectively. However, later in the season the increase of 
the scion girth was considerably less, only ^.6 percent, 
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Table 12. Average interstock girth^ 
Training Interstock length 
Variety system 4-inch 8-inch 12-inch 
cm cm cm 
Starkrimson espalier 17.47 14 .73  13 .93  
hedgerow 18.20 19 .53  16.63 
standard 21.63 18.07 16 .33  
Chieftain standard 25.15 24 .34  21 .64  
Circumference measured in the middle of the interstock 
after 1966 growing season. 
Table 13. Analysis of variance of interstock girth 
Source d.f. s.s. m. 8 . 
Blocks 2 15.03 7 .52 
Training systems 2 56.19 28 .10 
B X T 4 91.15 22 .79 
Interstocks 2 54.12 27 .06* 
T X I 4 22.94 5 .73 
Error 12 63.85 5 .32 
^Significant at the .05 probability level. 
while the rate of increase of the interstock was about double 
that of the scion, or 10.7 percent. 
A second measure of tree size is the elongation of the 
terminal shoots. These measurements were made each year; 
Figure 25. Average interstock girth of Starkrimson as 



















Figure 26. Average interstock girth as influenced by-
training system and interstock length 
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Table l4. Comparison between increase in diameters of the 
interstock and scion variety of Starkrimson 
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0 .40  
0 .40  
0 .35  
1.07 
0 .83  
0.95 
Average increase 0.33 
Percentage increase 14.2 






0 .38  
10.7 
0.86 
24 .6  
^June 6 ,  1964 to July 7» 1964. 
^July 7, 1964 to Sept. 24, 1964. 
the results are presented in Table 15 and the analysis in 
Tables l6 and 17. Again the extension growth of the trees 
trained to the espalier system was less than with the other 
systems (Figure 27). 
The effect of interstock length on extension growth was 
the same as on trunk girth. In the early years there was 
little effect of the different interstocks on growth (Figure 
27). However, with the onset of flowering and fruit 
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Table 15- Average shoot growth 
Training Interstock Shoot growth 
Variety system length 1964  1965  1966 Total 
in cm cm cm cm 
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20.7 
7 .8  
11.8 
15.4 
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15 .7  
67 .9  
52 .5  





















33 .5  
19 .7  
24.4 
21.1 
23 .3  
15 .9  
18.4 
71.2 
63 .3  
73 .0  
Chieftain standard 4 
8 
12 
46 .3  
39 .4  
38 .2  
26.0 
25 . 4  
23.9 
24 .9  
20 . 4  
22 .2  
97 .2  
85.2 
84 .3  
production there appeared to be a slight reduction in shoot 
growth with increasing interstock length. If this trend 
were continued it would result in significantly smaller 
trees with the longer interstocks. 
The same trend was noted in tree height, which was 
determined at the conclusion of the study. These results 
are shown in Table 18 and 19. Trees with 12-inch interstocks 
averaged about six inches less than those with four-inch 
interstocks. Those with the eight-inch interstocks were 
intermediate between these two. Trees with Chieftain scions 
Figure 27. Average shoot growth of Starkrimson as in­
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Table l6. Analysis of variance of shoot growth 
Source d.f. s.s. m.s. 
Blocks 2 #5.7 222 .9  
Training systems 2 616.8 308 .4  
B X T (error A) 4 1,146.7 286.7 
Interstocks 2 321.0 160.5 
T X I 4- 264 .0  66.0 
Error (B) 12 886.8 73 .9  
Years 2 2 ,467 .3  1 ,233 .7 '  
T X Y 4 244.5 61.1 
I X Y 4 18.2 4.5 
T X I X Y 8 472 .5  59 .1  
Error 36 1,419.5 39 .4  
**Significant at the .01 probability level. 
Table 17- Analysis of variance of total shoot growth 
Source d.f. s.s. m.s. 
Blocks 2  1 ,339 .8  669.9 
Training systems 2  1 ,846 .0  923 .0  
B X T 4 3,448.9 862.2 
Interstocks 2  960.9 480.5 
T X I 4 791 .5  197 .9  
Error 12  2,650.7 220.9 
averaged almost twelve inches taller than those with the 
Spur type Delicious, which is known to produce a smaller 
tree. 
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Table 18. Average tree height in feet 
Training Interstock length 
Variety system 4-inch 8-inch 12-inch 
Starkrimson espalier 6.60 6.20 5. 90 
hedgerow 6.67 6.77 6. 30 
standard 6.77 6.37 6. 27 
Chieftain standard 7.90 7.38 6. 81 
Table 19. Analysis of variance of tree height 
Source d.f. s. s. m .s. 
Block 2 1.51 0 .76 
Training system 2 0.56 0 .28 
B X T 4 7.32 1 .83 
Interstock 2 1.23 0 .62 
T X I 4 0.29 0 .07 
Error 12 5.04 0 .42 
Bloom and fruit production 
The ultimate objective for using trees of smaller stature 
is the production of more profitable crops. Annual bloom 
counts on the interstock trees were made with the exception 
of 1966. These results are presented in Tables 20 and 21. 
As shown in Figure 28, neither the training system nor the 
interstock length appeared to have any consistent relation to 
bloom during the period covered by this study. 
101 





































































^Sample taken from entire tree. 
^Sample taken from two limbs only. 
Table 21. Analysis of variance of bloom 
Source d.f. s .s. m.s. 
Blocks 2 1,549.8 774.9 
Training systems 2 416.5 208.3 
B X T (error A) 4 9,598.3 2,399.6 
Interstocks 2 862.3 431.1 
T X I 4 6,070.7 1,517.7 
Error (B) 12 6,177.2 514.8 
Years 2 118,671.3 59,335.7 
T X I 4 1,252.5 313.1 
I X I 4 629.6 157.4 
T X I X Y 8 4,410.2 551.3 
Error (C) 36 33,327.1 925.8 
**Significant at the .01 probability level. 
Figure 28. Average number of blossom trusses of Stark-
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Table 22. Average number of fruit set per tree 
Interstock Fruit set 































































Fruit set was determined each year after the June drop 
had occurred (Table 22). The analysis showed that the inter-
stock length had a significant effect on the number of fruit 
set (Tables 23 and 24). The number of fruits set on trees 
with four-inch interstocks was less than that on the trees 
with eight-inch and 12-inch interstocks. Also the training 
system did not influence the number of fruit set per tree. 
The fruit load of a dwarf interstock tree during the fifth 
year in the orchard is shown in Figure 30. 
Figure 29. Average fruit set of Starkrimson as influenced 
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Figure 30. Dwarf interstem tree with fruit load prior to 
harvest (fifth year) 
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Table 23. Analysis of variance of fruit set 
Source d.f. s. s. m. s. 
Blocks 2 127.02 63.51 
Training systems 2 19.95 9.97 
B X T (error A) 4 1,085.21 271.30 
Interstocks 2 682.61 341.30* 
T X I 4 332.78 83.19 
Error (B) 12 894.83 74.57 
Years 2 12,894.45 6,447.22** 
T X Y 4 31.49 7.87 
I X Y 4 709.21 177.30 
T X I X Y 8 620.46 77.56 
Error 36 3,689.05 102.47 
^Significant at the .05 probability level. 
**Significant at the .01 probability level. 
Table 2k. Analysis of variance of total fruit set 
Source d.f. s. s. m • S • 
Blocks 2 380.35 190.17 
Training systems 2 59.89 29.94 
B X T 4 3,252.91 813.23 
Interstocks 2 2,046.32 1,023.16* 
T X I 4 995.07 248.77 
Error 12 2,679.96 223.33 
^Significant at the .05 probability level. 
Effect of Addition of Dimethylsulfoxide 
to Growth Regulating Sprays 
This study was conducted to determine if dimethylsulfoxide 
(DMSO), a known penetrant, would be useful as an adjuvant with 
growth regulator sprays. The results of the addition of DMSO 
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to applications of growth regulator sprays on terminal growth 
are shown in Table 25. There was very little difference in 
the amount of shoot growth between treatments when the first 
measurements were made shortly after the first chemicals were 
applied. The differences in shoot growth on subsequent dates, 
while not significantly different, were greater. The analyses 
of variance for these measurements are shown in Table 26. 
Perhaps a more accurate measure of the effects of these 
chemicals on terminal growth would be the increase that oc­
curred after the chemicals were applied. These results are 
presented in Table 2?, while the analyses of variance for 
these data appear in Table 28. The greatest change in growth, 
rate occurred during the first period of about three weeks. 
The changes that occurred during the latter period were not 
significantly different. 
It was found that under these conditions TIBA had a stim­
ulating effect on terminal growth. This increase amounted to 
about 42 percent compared to the check (Table 29). In this 
same period of time NAA significantly reduced the growth of 
the shoots by about 60 percent. It was also found that a one 
percent foliage spray of DMSO had no effect on shoot elonga­
tion. However, when this chemical was combined with TIBA it 
reduced shoot growth over 50 percent compared to the applica­
tion of TIBA alone. DMSO appeared to have no modifying effect 
on the inhibition of shoot growth caused by applications of NAA. 
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Table 25. Mean terminal growth of Golden Delicious trees 
treated with selected chemicals 
Date measured 
Treatment Rate May 31 June 23 August : 
cm cm cm 
Water control 8.9 11.7 13.4 
DMSO 1^ 8.2 10.5 12.9 
TIBA 10 ppm 9.8 13.5 16.2 
NAA 100 ppm 9.5 10.5 11.4 
TIBA + DMSO 10 ppm + : 1^ 9.0 11.5 13.0 











Scoring — — 8.3 10.6 11.5 
LSD.05 2.5 3.6 
Table 26. Analysis of variance of terminal growth 
Date Source d.f. s.s. m.s. 
June 23, 1965 replication 11 130.13 11.83 
treatment 6 82.48 13*75 
error 66 611.77 9*27 
Aug. 13, 1965 replication 11 294.80 26.80 
treatment 6 204.49 3^.08 
error 66 1,254.59 19 «01 
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Table 2?. Mean increase in terminal growth of Golden 
Delicious trees after treatment with selected 
chemicals 
Growth period 
Treatment Rate May 31 to 
June 23 
June 23 to 
Aug. 13 
May 31 to 
Aug. 13 
cm cm cm 
Water control 2.8 1.7 4.5 
DMSO 2.3 2.4 4.7 
TIBA 10 ppm 3.7 2.7 6.4 
NAA 100 ppm 1.0 0.9 1.9 
TIBA + DMSO 10 ppm + 1^ 2.5 1.5 4.0 
NAA + DMSO 100 ppm + : 1^ 1.3 0.3 1.6 
Scoring 2.3 0.9 3.2 
LSD.05 1. 4  2.1 2.9 
Table 28. Analysis of variance for terminal growth 
Date Source d.f. s .s. m. s. 










































^Significant at the .05 probability level. 
^^Significant at the .01 probability level. 
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Table 29. Percentage increase or decrease of shoots of 
Golden Delicious trees treated with selected 
chemicals as compared to the control 
Date ^ 
measured^ Growth period 
Treatment Rate June Aug. May 31- June 23- May 31-
23 13 June 23 Aug. 13 Aug. 13 
cm cm cm cm cm 
Water control 
— 
100 100 100 100 100 
DMSO i; t 90 96 82 l4l 107 







ppm 90 85 36 48 42 
TIBA + DMSO 10 ppm+1^ 98 97 89 88 89 
NAA + DMSO 100 ppm+1^ 97 87 46 21 38 
Scoring — 91 86 82 53 71 
^Represents length of new shoot growth on date indicated. 
^Increase in new shoot growth for period indicated. 
Scoring, which is a recognized practice to bring tardy 
fruit trees into production, did not materially affect the 
growth of the shoots. These results are presented in Figure 
31. 
Only treatments with NAA resulted in any visual leaf 
damage. Early in the season NAA alone resulted in slight 
marginal necrosis of the foliage. This was not apparent until 
much later in the treatment where DMSO was combined with NAA. 
Figure 31. Mean terminal growth of Golden Delicious trees 
treated with selected chemicals 
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The bloom data collected the following spring are 
presented in Table 30. The analyses for these data are 
presented in Table 31. None of the treatments had a statis­
tically significant effect on bloom except scoring of the 
limbs about full bloom the previous season. This treatment 
resulted in almost 95 percent of the spurs setting a flower 
bud compared to 5^ percent on the control limbs, showing that 
scoring is an effective method of increasing the number of 
flower buds. While not significant, the addition of DMSO 
to either TIBA or NAA increased the bloom by about 20 percent 
over the control limbs {Table 32). 
Treatment of Standard Trees with Growth Regulators 
Thirty-five, four-year-old apple trees were treated with 
selected growth regulator chemicals to determine their in­
fluence on the amount of bloom produced the following year, 
changes in gross morphology, and the amount of growth. The 
aqueous sprays were applied to the entire tree, starting at 
petal fall, on May 20, 30 and June 10, 1965- Measurements 
were taken on five representative limbs per tree. 
Growth measurements 
Terminal shoot growth measurements were made beginning 
shortly after the first spray application and continuing 
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Table 30. Mean blossom trusses on Golden Delicious limbs 
treated with selected chemicals 
Bloom No. of 
Percentage 
bloom 
Treatment Rate Total Nonspur Spur spurs on spurs 
Water 
control — — 35.6 11.4 24.2 47.2 53.6 
DMSG 42.0 14.5 27.5 54.6 48.2 
TIBA 10 ppm 32.7 9.4 23.3 44.2 56.1 
NAA 100 ppm 36.5 12.3 24.2 50.6 50.2 
TIBA+DMSO 10 ppm+1^ 44.2 13.8 30.4 48.8 64.4 
NAA+DMSO 100 ppm+1^ 45.6 14.1 31.5 51.2 64.8 
Scoring 71.0 19.2 51.8 53.7 94.4 
LSD.05 18.6 6.4 13.8 25.8 
Table 31. Analysis of variance of bloom 

















































^Significant at the .05 probability level. 
^^Significant at the .01 probability level. 
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Table 32. Percentage increase or decrease of blossom trusses 
on Golden Delicious limbs treated with selected 
chemicals 
Bloom No. of 
Percentage 
bloom 
Treatment Rate Total Nonspur Spur spurs on spurs 
Water 
control .. 100 100 100 100 100 
DMSO 1% 118 127 114 116 90 
TIBA 10 ppm 92 82 96 94 105 
MAA 100 ppm 102 108 100 107 94 
TIBA+DMSO 10 ppm+1^ 124 121 126 104 120 
NAA+DMSO 100 ppm+1^ 128 124 130 109 121 
Scoring 199 168 214 114 176 
periodically throughout the growing season. The results are 
presented in (Table 33), with the analysis shown in (Table 3^). 
No significant reduction in shoot growth was observed until 
June 3, about two weeks after the first spray application. 
Differences in shoot growth between treatments continued to 
increase until the July 1 measurement when growth rate of the 
shoots slowed. All three chemicals resulted in reduced shoot 
growth at the higher concentrations and this reduction per­
sisted until the end of the growing season. Both rates of 
Alar resulted in significant growth reductions, while the low 
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Table 33» The effect of chemical treatment on terminal shoot 
growth 
Date measured 
Treatment Bate TP^  ^73 7^15 tTÏ ÏT^  STTÏ 9/25 
ppm cm cm cm cm cm cm cm 
Control 0 7.11 11.80 20.02 32.14 33.85 34.86 35.13 
TIBA 1 4.56 8.36 16.48 26.69 29.76 33.11 34.11 
TIBA 100 6.41 9.20 13.34 16.64 18.86 20.25 20.79 
Alar 500 4.17 7.19 12.63 19.52 20.42 22.38 24.99 
Alar 2000 4.65 6.42 9.18 12.01 12.56 13.31 13.88 
NAA 10 4.94 8.19 14.90 26.57 32.64 34.29 34.74 













rate of TIBA and NAA had no effect. Significant differences 
were found between the low and high rates of each of the 
chemicals used. 
The growth of shoots treated with NAA was greater than 
that of the other treatments after the July 1 measurement 
(Figure 32). Shoots treated with the high rate of NAA made 
very little growth and many shoots formed a terminal bud. 
There was a second flush of growth on these shoots about three 
weeks after the final spray application with NAA (Figure 33)• 
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Table 34. Analysis of variance of terminal shoot growth 
Date 
measured Source d. f. s. s. m.s. 
5/23 blocks 4 258.80 64.70 
treatments 6 174.04 29.01 
error 24 570.13 23.76 
6/3 blocks 4 445.31 111.33 
treatments 6 559.73 93.29* 
error 24 856.68 35.70 
6/14 blocks 4 368.28 92.07 
treatments 6 2,955.03 492.50** 
error 24 905.34 37.72 
7/1 blocks 4 740.89 185.22 
treatments 6 11,593.29 1,932.21** 
error 24 1,614.03 67.25 
7/24 blocks 4 1,344.22 336.05 
treatments 6 12,270.58 2,045.10** 
error 24 2,224.67 92.69 
8/11 blocks 4 2,172.12 543.03 
treatments 6 12,302.03 2,050.34** 
error 24 2,719.95 113.33 
9/25 blocks 4 2,765.61 691.40 
treatments 6 12,159.77 2,026.63** 
error 24 3,078.33 128.26 
^Significant at the .05 probability level. 
**Significant at the .01 probability level. 
Shoots treated in I965 were left without further treat­
ment and their growth in 1966 was measured at the conclusion 
of the growing season. These measurements are shown in 
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Table 35 together with the final shoot growth measurements 
for 1965 and the total for the two year period. The year 
following treatment, the shoots treated with both TIBA and 
NAA made normal growth. Those treated with Alar, however, 
made significantly greater growth than the control. This 
growth response was inversely proportional to that found 
for the 1964 season. The total combined growth for two years 
of the shoots sprayed with Alar was the same as the untreated 
controls. However, the second-season shoot growth for the 
high rates of TIBA and NAA was not enough to make up for the 
reduction in growth from the first year. The total reduction 
in growth for TIBA and NAA for the two years was about 20 
percent. 
Growth measurements were also made on the lateral shoots 
(Figure 3) present on five main limbs sampled for each tree. 
The final growth measurements for 19^5 and 1966 are shown in 
Table 37 together with the total shoot growth for the two 
years. These results were similar to those found for the 
terminal shoots. 
Injury symptoms 
The high rates of TIBA and NAA resulted in some visible 
injury to the trees. Both of these materials resulted in 
occasional twisting or bending of the new shoot growth 
(Figure 35)- The foliage of trees treated with the high rate 
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Table 35• The effect of chemical treatment in 1965 only on 
annual terminal shoot growth 
Year 
Treatment Rate 1965* 1966^ Total^ 
ppm cm cm cm 
Control 0 35.24 31.17 66.41 
TIBA 1 34.22 34.58 68.80 
TIBA 100 20.94 30.11 51.05 
Alar 500 25.15 39.58 64.73 
Alar 2000 14.06 54.57 68.63 
NAA 10 35.05 33.21 68.26 
MAA 100 16.83 35.33 52.16 
LSD.05 11.11 15.32 NS 
LSD.01 14.68 20.24 
^Average shoot growth for year of chemical application. 
^Average shoot growth for year following chemical appli­
cation. 
°Sum of shoot growth for the two years. 
Table 36. Analysis of variance of annual terminal shoot 
growth 

































^Significant at the .05 probability level. 
**Significant at the .01 probability level. 
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Table 37- The effect of chemical treatment in 1965 on annual 
lateral shoot growth 
Year 
Treatment Rate I965B 1966^ Total 
ppm cm cm cm 
Control 0 31.42 27.30 58.72 
TIB A 1 29.06 26.26 55.32 
TIB A 100 22.90 18.94 41.84 
Alar 500 22.64 35.08 57.72 
Alar 2000 14.76 42.02 56.78 
MAA 10 31.76 29.04 60.80 







^Average lateral shoot growth for year of chemical 
application. 
^Average lateral shoot growth for year following chemi­
cal application. 
cgum of lateral shoot growth for the two years. 
Table 38. Analysis of variance of annual lateral shoot growth 
Year Source d.f. s. s. m.s. 
1965 blocks 4 75.25 18.81 
treatments 6 7,099.08 1,183.18** 
error 24 3,520.82 146.70 
1966 blocks 4 2,334.03 583.51 
treatments 6 8,033.35 1,338.89** 
error 24 8,414.95 350.62 
Total blocks . 4 600.00 150.00 
treatments 6 1,744.34 290.72 
error 24 3,671.29 152.97 
**Significant at the .01 probability level. 
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of TIBA showed some eplnasty and distorted growth (Figure 35)» 
The high rate of NAA caused the leaves to be somewhat deformed, 
with, the blades being cupped, and with some marginal necrosis 
(Figures 33 and 34). 
The amount of necrosis was rated visually with a scale 
of zero for no necrosis to five for complete leaf necrosis 
on the tree. These results are presented in Tables 39 and 40 
and show a significant increase in the amount of foliage 
necrosis on the trees treated with the high rate of NAA. 
This rating also included some leaf damage from strong winds. 
Normal foliage from the control trees is shown in Figure 36. 
The following spring it was noted that some of the spurs 
on limbs treated with the high rate of NAA did not leaf out. 
However, this was not found to be significant (Tables 39 
and 40). 
Morphological changes 
The number of new spurs and lateral shoots produced each 
year was determined to learn if the chemical treatments had 
any effect in modifying the characteristic growth habit. 
Spurs were defined as short lateral growths of two inches or 
less while lateral shoots were greater than two inches in 
length. These results are presented in Tables 4l and 4-2. It 
Figure 33. The effect of high rate of NAA sprays on foliage 
injury. Note second flush of shoot growth 
Figure 3^. The effect of high rate of NAA spray on foliage 
injury symptoms 

Figure 35-  The effect of high rate of TIBA spray on 
foliage Injury symptoms 
Figure 36. Normal, untreated foliage 
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Table 39- Injury symptoms on apple trees treated with various 
growth regulators 
Si b Treatment Rate Dead spurs Leaf necrosis 
ppm 
Control 0 0.3 
(M O
 
TIBA 1 0.6 
<M O
 
TIB A 100 0.7 0.4 
Alar 500 0.3 
CM O
 
Alar 2000 0.2 0.2 















^•Did not form leaves in spring of 1966. 
^Zero represents no necrosis, five represents all 
foliage necrotic. 
Table 40. Analysis of variance of injury symptoms 
Symptom Source d.f. s.s. m.s. 
Dead spurs blocks 4 28.99 7.25 
treatments 6 116.38 19.40 
error 24 208.76 8.70 
Leaf necrosis blocks 4 0.86 0.21 
treatments 6 11.37 1.90** 
error 24 4.34 0.18 
**Significant at the .01 probability level. 
Table 4l. The effect of chemical treatment on lateral growth 
Number of spurs^ Number of shoots 
produced on produced on Spurs 
Main Lateral Main Lateral forming 
Treatment Rate branch branches Total branch branches Total shoots' 
Control 0 8.2 18.4 26.5 5.3 6.2 11.5 1.8 
TIBA 1 8.7 16.8 25.5 5.0 6.2 11.2 1.3 





29.0 4.0 3.2 7.2 0.8 
Alar 500 7.6 l4.6 22.2 5.3 7.9 13.2 1.7 
Alar 2000 8.1 18.5 26.6 4.2 5.3 9.5 1.4 
NAA 10 12.1 13.4 25.5 2.7 3.3 6.0 1.0 
NAA 100 10.5 14.5 25.0 2.7 2.5 5.2 0.6 
LSD.05 NS NS NS 3.0 2.6 6.6 NS 
LSD.01 4.0 3.6 8.7 
^Lateral growth two inches or less. 
^Lateral growth more than two inches. 
^Previous spur growth that resumed growth and developed into lateral shoots. 
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Table 4-2. Analysis of variance of lateral growth 
Source d.f. s.s. m. s. 
Spurs on main blocks 4 649.22 162.31 
branches treatments 6 439.02 73.17 
error 24 1,052.30 43.85 
Spurs on blocks 4 2,919.28 729.82 
laterals treatments 6 691.49 115.25 
error 24 3,563.74 148.49 
Total blocks 4 2,455.40 613.85 
treatments 6 630.72 105.12 
error 24 5,648.57 235.36 
Shoots on main blocks 4 305.91 76.48 
branches treatments 6 192.07 32.01** 
error 24 147.13 6.13 
Shoots on blocks 4 73.35 18.34 
laterals treatments 6 114.05 19.01** 
error 24 98.15 4.09 
Total shoots blocks 4 1,275.58 318.89 
treatments 6 1,378.95 229.82** 
error 24 936.82 39.03 
Spurs forming blocks 4 112.17 28.04 
shoots treatments 6 27.34 4.56 
error 24 50.15 2.09 
**Significant at the .01 probability level. 
was found that none of the chemicals had an effect on the 
number of spurs that developed, either on the main limb or 
on its lateral branches. 
There was a significant difference due to treatment on 
the number of lateral shoots produced. Most of this 
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difference appeared to be between trees treated with Alar 
and NAA. The low rate of Alar resulted in an increase in 
the number of shoots, especially those produced on lateral 
branches. There was no change in shoot production on limbs 
treated with either rate of TIBA or with the high rate of 
Alar. Both rates of NAA resulted in a reduction in the 
number of lateral shoots; 48 and 55 percent respectively 
for the low and high, rates. No difference due to treatment 
was found in the number of existing spurs that made con­
siderable growth and were recorded as shoots. 
Twenty mid-terminal leaves were selected randomly from 
around the periphery of each tree and the fresh and dry 
weights determined along with the percentage dry weight 
(Tables 43 and 44). The high rates of both TIBA and NAA re­
sulted in a significant reduction in fresh and dry weight 
of the leaves, while the high rate of Alar resulted in an 
increase in the size of the leaves. The leaves on the trees 
treated with the high rate of NAA also had a lower percentage 
dry weight than the control. This could be due to a second 
flush of growth on these trees, resulting in more young 
foliage (Figure 33)• Treatment with low rates of each of 
these chemicals had no effect on the size of the foliage. 
Bloom and fruit production 
Bloom data were recorded the following spring and the 
results are presented in Table 45. All of the categories of 
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Table 43. Effect of chemical treatment on leaf weight®" 
Treatment Rate Fresh . weight Dry weight Dry matter 
ppm gm gm % 
Control 0 11 .10 4.78 43. 14 
TIBA 1 11 .30 4.78 42, 32 
TIB A 100 9 .78 4.16 42. 58 
Alar 500 11 .10 4.70 42. 32 
Alar 2000 12 . 64 5.34 42.  28 
NAA 10 11 .22 4.78 42.  64 
NAA 100 10 .10 4.08 40. 40 
LSD.05 .94 .35 99 
LSD.01 1 .27 .47 1. 34 
^Twenty mid-terminal leaves per tree. 
Table 44. Analysis of variance of leaf weight 
Source d.f. s.s. m. s. 
Fresh weight blocks 4 18.85 4.71 
treatments 6 25.69 4.28** 
error 24 11.23 0.47 
Dry weight blocks 4 2.75 0.69 
treatments 6 5.47 0.91** 
error 24 1.71 0.07 
Percent dry blocks 4 7.60 1.90 
matter treatments 6 22.43 3.74** 
error 24 13.82 0.58 
**Significant at the .01 probability level. 
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bloom showed a significant difference due to treatment except 
for those produced laterally on the new shoots (Table 46) .  
When comparisons were made between the treatment means, it 
was found that the effects of TIBA treatment on bloom were 
not statistically significant. Alar treatments produced a 
significant increase in the number of blossom trusses per 
limb, while the effect of NAA treatments was to significantly 
reduce bloom. A comparison of the effects of treatment on 
the amount of spur bloom is presented graphically in Figure 
37.  
The effect of the low rate of TIBA treatment was to 
increase the total bloom, bloom on spurs, and nonspur bloom 
by approximately 24 percent. However, at the higher rate of 
application, TIBA resulted in an increase in bloom on the 
spurs of approximately 66 percent while decreasing the non­
spur bloom by 50 percent. The net effect was no change in 
total bloom. 
The effect of Alar treatments was similar to those of 
TIBA, only of a greater magnitude. The effect of the low 
rate of Alar was an increase of over 100 percent in total 
bloom produced per limb, while treatment with the higher 
rate was slightly less. The effect on the spur bloom was an 
increase in the amount of bloom with an increase in Alar con­
centration. This amounted to 68 and 72 percent of the spurs 
producing fruit buds with the low and high concentrations of 
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Treatment Rate Total Spur Nonspur on shoots on shoots 
ppm 
Control 0 19.0 8.6 10.4 6.0 4.4 
TIBA 1 23.5 10.6 12.9 6.8 6.1 
TIBA 100 19.5 14.3 5.2 4.4 0.8 
Alar 500 39.5 19.9 19.6 7.5 12.1 
Alar 2000 36.4 23.3 13.1 8.1 5.0 
NAA 10 7.1 2.4 4.7 2.8 1.9 
NAA 100 2.2 1.6 0.6 0.6 0.0 
LSD. 05 16.2 8.7 11.2 4.5 NS 
, LSD. 01 21.4 11.5 14.8 5.9 
Table 46. Analysis of variance of flowering 
Source d.f. s.s. m.s. 
Total bloom blocks 4 7,904.64 1,976.16 
treatments 6 28,409.20 4,734.86** 
error 24 23,786.58 991.11 
Bloom on spurs blocks 4 1,308.99 327.25 
treatments 6 10,165.15 1,694.19** 
error 24 7,508.33 312.85 
Nonspur bloom blocks 4 5,860.05 1,465.01 
treatments 6 6,045.30 1,007.55* 
error 24 8,783.92 366.00 
Bloom on blocks 4 2,399.39 599.85 
terminal treatments 6 1,102.43 183.74* 
shoots error 24 1,575.16 65.63 
Bloom on blocks 4 1,634.43 4o8.6l 
lateral shoots treatments 6 2,469.63 411.60 
error 24 4,599.95 191.66 
*Significant at the .05 probability level. 
**Significant at the .01 probability level. 
Figure 37. The effect of chemical treatment on the number 





















Alar respectively (Table 4?). The difference in the effect 
of low and high concentration of Alar was in the nonspur 
bloom; the high concentration of Alar had little effect on 
this bloom, especially the bloom produced laterally on the 
shoots. 
The NAA treatment reduced the bloom in all categories 
and the reduction was increased with increasing concentration 
of chemical. The reduction in total bloom amounted to 63 
and 88 percent for the low and high rates respectively. 
The bloom in the spring of 196? was also significantly 
reduced by the carryover effect of both levels of NAA which 
amounted to approximately 64 percent (Tables 47 and 48). 
This resulted in a net decrease in bloom for the two seasons 
of 127 and 152 percent for the low and high rates of NAA, 
respectively. 
The second-year bloom (Table 47) on the trees treated 
with the low rates of TIBA and Alar was the same as on the 
control trees. However, the high rates of these chemicals 
resulted in a decrease in the second-year bloom of about 38 
and 53 percent for TIBA and Alar, respectively. 
The number of fruit set was recorded before and after 
the June drop, and the results are presented in Table 49. 
The analysis revealed a significant difference between treat­
ments (Table 50). Both the TIBA and Alar treatments increased 
the number of fruit set, with the set on trees treated with 
Table 4?. The effect of chemical growth regulators on 
blossom trusses produced 










Control 0 24 .56 19 .0 88.56 
TIBA 1 31 .76 23 .5 93.52 30 
TIBA 100 38 .76 19 .5 54.80 -35 
Alar 500 68 .24 39 .5 91.44 111 
Alar 2000 72 .24 36 .4 41.16 38 
NAA 10 10 .08 7 .1 31.64 -127 
NAA 100 5 .72 2 .2 31.92 -152 
LSD.05 20 .75 16 .2 53.30 
LSD.01 27 .43 21 .4 70.45 
Table 48. Analysis of variance of bloom 
Source d.f .  s. s. m • S • 
Percent bloom blocks 4 8,569.77 2,142.44 
treatments 6 102,447.12 17,074.52** 
error 24 38,400.02 1,600.00 
Second year blocks 4 201,391.50 50,347.88 
bloom treatments 6 121,954.75 20,325.79** 
error 24 63,582.07 2,649.25 
**Significant at the .01 probability level. 
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Table 49. The effect of chemical treatment on the number of 
fruit set the following season 
Spur Nonspur 
Remaining Remaining 
Fruit June after after 
Treatment Rate set drop June drop June drop 
ppm 
Control 0 6.9 4.3 2.6 2.9 
TIBA 1 8.4 5.4 3.0 2.7 
TIBA 100 11.5 9.2 2.3 0.9 
Alar 500 13.5 8.9 4.6 1.1 
Alar 2000 21.8 17.6 4.2 1.0 
NAA 10 1.0 0.8 0.2 0.8 














Table 50.  Analysis of variance of the number of fruit set 
Source d.f. s. s. m. s. 
Fruit set blocks 4 927.03 231 .76 
treatments 6 8 ,097.00 1,349 .50** 
error 24 6 ,451.98 268 .83 
June drop blocks 4 424.65 106 .16 
treatments 6 5 ,220.04 870 .01** 
errors 24 3 ,781.81 157 .58 
Remaining blocks 4 238.20 59 • 55 
on spurs treatments 6 441.31 73 .55* 
error 24 690.11 28 .75 
Remaining blocks 4 154.34 38 .59 
on nonspurs treatments 6 163.51 27 .25* 
error 24 225.18 9 .38 
^Significant at the .05 probability level. 
^^Significant at the .01 probability level. 
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the high rate of Alar "being significantly higher than on the 
control trees. These treated trees also had a higher June 
drop than the control trees so that the differences in fruit 
set after this period were considerably less. On a percentage 
basis, the drop from trees treated with the high rates of both 
TIBA and Alar were higher than the remaining treatments. 
These treatments showed about an 80 percent drop compared to 
about 62 percent for the control trees. There was a reduction 
in amount of fruit set on the trees with NAA. 
Similar results were found at harvest, in both numbers 
and total weight of the fruits. No difference was observed 
in the average weight per fruit except for a slight increase 
in the weight of the fruits from the trees sprayed with the 
high rate of NAA. This was possibly due to the reduced 
number of fruits per tree. Most of the difference in fruiting 
due to treatment was between the Alar and NAA treatments. 
Except for the low rate of TIBA, the differences in fruiting 
also appeared to be related to the number of blossom trusses 
initiated, rather than to a direct effect of treatments. The 
low rate of TIBA resulted in a 60 percent increase in the 
amount of fruit harvested with only a 24 percent increase in 
bloom. 
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Table 51» The effect of chemical treatment on the amount of 
fruit harvested the following season 
Fruit harvested/limb Fruit harvested/tree 
Treatment Rate Number Weight Wt/fruit Number Weight Wt/fruit 
ppm gm gm gm gm 
Control 0 4.5 68.9 15.3 29.6 441.8 14.9 
TIBA 1 5.6 82.2 14.7 48.6 700.4 14.4 
TIBA 100 2.7 43.4 16.1 25.8 294.0 11.4 
Alar 500 4.7 73.4 15.6 36.8 550.6 15.0 
Alar 2000 5.1 77.6 15.2 48.0 708.6 14.8 
NAA 10 0.8 12.0 15.0 5.4 79.0 14.6 
NAA 100 0.5 8.9 17.8 3.8 73.6 19.4 
LSD. 05 4.4 68.7 28.2 358.7 
LSD. 01 5.9 90.8 38.2 486.0 
Table 52. Analysis of variance of the amount of fruit 
harvested 
Source d.f. s.s. m. s. 
Number of fruit blocks 4 325.68 81.42 
harvested/limb treatments 6 669.07 111.51* 
error 24 782.24 32.59 
Weight of fruit blocks 4 152,297.44 38,074.36 
harvested/limb treatments 6 146,042.19 24,340.36** 
error 24 154,075.38 6,419.80 
Number of fruit blocks 4 3,809.14 952.28 
harvested/tree treatments 6 10,025.13 1,670.86* 
error 24 11,160.79 465.03 
Weight of fruit blocks 4 1,152,008.00 288,002.00 
harvested/tree treatments 6 2,151,930.00 358,655.00** 
error 24 1,811,689.00 75,487.00 
^Significant at the .05 probability level. 
^^Significant at the .01 probability level. 
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Chemical Regulation of Adventitious Shoot Development 
It has been observed that suckering or adventitious shoot 
production close to the crown has been a problem with many 
dwarf fruit trees. This response may not be directly related 
to the dwarfing phenomenon, since all dwarf trees do not 
produce suckers. However, a direct correlation was found in 
this study between the length of the dwarfing interstock 
used and the number of suckers produced. These results are 
summarized in Table 3- In an attempt to gain information on 
the possible role of various chemicals on adventitious shoot 
formation, a number of treatments were applied to seedlings 
of the Garnet variety. 
Stem girdling experiments 
In this series of experiments the test chemical, carried 
in lanolin paste, was applied to girdled sections of the stem. 
The treatments of alpha-naphthalenacetic acid (NAA) and 2,3,5-
triiodobenzoic acid (TIBA) at 1, 10, and 100 ppm were each 
applied to eight seedling trees established in gallon con­
tainers arranged in a randomized block design. Control trees 
consisted of those with (l) no girdle, (2) girdled with no 
lanolin applied, and (3) girdled with pure lanolin applied. 
The analysis of variance is shown in Table 53. 
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Table 53. Analysis of variance of shoot initiation as 
effected by NAA and TIBA treatment (Figure 38) 
Source d.f. s.s. m.s. 
Replication 7 67.1 9.59* 
Treatment 8 75*0 9.38* 
Error 56 219.7 3.92 
^Significant at the .05 probability level. 
The results showed that pure lanolin had a slight in­
hibitory effect on shoot initiation (Figure 38). When the 
treatments with NAA were compared to the lanolin control it 
was found that NAA at the lowest concentration used (1 ppm) 
had a slight stimulating effect on the number of shoots 
produced, while at the highest rate (100 ppm) shoot develop­
ment was completely inhibited. NAA treatments resulted in a 
negative correlation with shoot initiation. This might be 
explained on the basis of apical dominance in which the NAA 
replaced the natural auxin produced by the leaves. It was 
also found that increasing the TIBA concentration was posi­
tively correlated with the number of shoots produced. This 
might be expected, since TIBA is known to be an antiauxin 
and therefore would counter the effect of the natural auxin 
present. The higher concentrations of NAA appeared to pro­
mote the formation of large amounts of callus above the 
Figure 38. The effect of NAA and TIBA treatment on shoot 
initiation below girdled stems of Garnet seedlings 
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girdled area. Girdling of the stem also resulted in con­
siderable swelling immediately above the girdled area (Figure 
6). 
The results of treatment with 2,4-dichlorophenoxyacetic 
acid (2,4-D) are shown in Figure 39* These treatments con­
sisted of: (1) a girdled control without lanolin, (2) 2 ,4 -
D in lanolin at 1 ppm, and (3) 2,4-D in lanolin at 100 ppm, 
each applied to three trees. These results were similar to 
those observed for the NAA treatment. The lower rate (1 ppm) 
resulted in a slight stimulation in the number of shoots 
produced while the high rate (100 ppm) resulted in retardation 
of shoot number. Again, considerable callus production was 
noted above the girdled area on trees treated with 2,4-D. 
Treatments with the high rate of 2,4-D resulted in consider­
able epinasty of the stems and leaves, and a wilted appearance 
followed shortly by death of the plant. This would indicate 
that the material moved upward in these plants. Trees 
treated with the lower rate of 2,4-D did not show any visual 
symptoms of injury. 
The results of another experiment using the potassium 
salt of gibberellic acid (GA) are shown in Figure 40. The 
following treatments were applied to each of five trees: 
(1) girdled control with lanolin, (2) GA in lanolin at 1 ppm, 
(3) GA in lanolin at 5 Ppm, and (4) GA in lanolin at 25 ppm. 
Figure 39- The effect of 2,4-D treatment on shoot initia­
tion below girdled stems of Garnet seedlings 
ii'igure 4o. The effect of gibberellic acid on shoot initia­
tion below girdled stems of Garnet seedlings 
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These results showed that GA had no effect on either stimula­
tion or inhibition of adventitious shoots. 
Eoot-soaking experiments 
In a final study in this series of experiments, the 
roots of dormant seedlings of Garnet were soaked for 12 hours 
in the test solution. Treatments of NAA and TIBA at 10, 100, 
and 1000 ppm, were each applied to six trees arranged in a 
randomized block design. Both chemicals resulted in re­
tardation of shoot growth as shown in Figure 4l. The analysis 
is shown in Table 
After 32 days the roots were washed free of soil and 
examined. The results are presented in Figure 42. NAA 
treatments completely inhibited shoot initiation on the roots 
regardless of the concentration applied. However, there was 
a positive correlation with, increasing concentration of TIBA 
used and the number of adventitious shoots produced. When 
this was plotted on a logarithmic scale, as shown in Figure 
43, the response was nearly linear. The analysis is shown 
in Table 55» 
Examination of the roots also revealed that with the 
higher levels of NAA there was a proportionate increase in 
the proliferation of the phloem tissue, with increasing 
death of this tissue at increasing concentrations. It also 
appeared that NAA favored the formation of roots on these 
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Table 5^* Analysis of variance of growth response as 
affected by NAA and TIBA treatments (Figure 7) 













^Significant at the .05 probability level. 
**Significant at the .01 probability level. 
Table 55» Analysis of variance of shoot initiation as 
effected by 12-hour root soaks in NAA and TIBA 
solutions (Figure 42) 
Source d.f. s.s. m.s. 
Replication 5 83.0 16.60 
Treatment 6 353.3 60.55** 
Error 30 265.8 8.86 
**Significant at the .01 probability level. 
plants, in that those treated with ten ppm NAA had a very 
well developed root system. However, treatment with TIBA 
inhibited root development, since those treated with the 
highest concentration showed very little new root growth. 
Figure 41. Terminal growth of Garnet seedlings as 














CONTROL 10 100 1,000 10 100 1,000 
NAA (PPM) TIBA (PPM) 
Figure 42. Shoots Initiated on Garnet seedling roots 
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NAA{PPM) 
10 100 1,000 
TIBA (PPM) 
Figure 43. The effect of soaking roots for 12 hours in TIBA on the production 










The effects of rootstocks on the growth and fruiting of 
trees are widely recognized, but the mechanism by which these 
effects are brought about still remains obscure. Several 
hypotheses have been advanced in attempts to explain the 
dwarfing mechanism (Beakbane 195^, Rogers and Beakbane 1957» 
and Scholz 1957). While there is evidence to support each 
of the proposed mechanisms, the majority of them do not 
account for all of the known rootstock effects. For example, 
it has been suggested (Wallace et aJ.. 1952) that the capacity 
of the rootstock to absorb mineral elements may be associated 
with growth of the scion variety. However, this does not 
account for the reduction in tree size when the dwarfing stock 
is used as an interstock. 
Clark Dwarf interstock trees were used to study the ef­
fect of interstock length on the growth and reproduction 
of apple scions. The effect of interstock length on growth 
was not evident in the early years of this study and only 
became apparent with the onset of flowering. Roberts (19^9) 
has reported that differences in growth were not apparent in 
the nursery row when a given scion variety was worked on 
different rootstocks. Tukey and Erase (19^1) observed that 
apple trees on dwarfing stocks usually grow as vigorously as 
those on standard stocks while in the nursery row. In fact 
I6l 
the trees worked on dwarfing stocks may show more vigor in the 
nursery row than those on the more vigorous stocks. It was 
observed by the author that growth differences in rootstock 
trials were not manifest until after flowering. 
The analysis of the bloom data from this study showed 
that there was no consistent relationship between the amount 
of bloom produced per tree with either training system or 
length of interstock. However, there was significantly more 
fruit on the trees with either an eight or 12-inch interstock 
than on those with four-inch interstocks. 
It would appear that flower induction is one of the 
primary factors associated with rootstock or interstock 
dwarfing in apples. With the onset of flowering, the growth 
promoting substance, or the balance of auxin and antiauxin, 
is altered in proportion to the dwarfing propensities of the 
rootstock or interstock. Roberts and Blaney (196?) showed 
that the initial response to M IX, proportional to its 
length as an interstock, was earlier and greater fruiting. 
The reduction in tree size followed later as a result of 
heavier cropping. This observation is contrary to the widely 
held opinion that growth reduction induces flowering. They 
concluded that the onset of flowering in young trees is not 
dependent on growth reduction, and that vegetative and re­
productive responses in apple involve closely related yet 
distinct systems. They found that M IX interstocks caused 
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early flowering without first reducing vigor, while M XVI 
interstocks invigorated but did not induce early flowering. 
Roberts and Mellenthin (1964) reported that M I invigorated 
and induced early flowering. On the other hand, when Malus 
sikkimensis is used as a rootstock for Delicious it 
produces weak-growing trees which are not precocious. 
In apple, the characteristic bearing habit is the pro­
duction of fruit buds terminally on either shoots or spurs, 
but with the majority borne on spurs. However, young 
vigorous trees may produce a significant number of fruit 
buds both terminally and laterally on long shoots. The trees 
used to study the effect of selected chemical growth regu­
lators on flowering showed a bearing habit of this type, with 
over 50 percent of the flower clusters classified as nonspur 
bloom. 
In general the results obtained by treating young 
apple trees with growth regulators were in agreement with 
those obtained by Fisher and Loomis (195^0, working with 
soybeans, in which the authors found that high auxin delayed 
flowering and antiauxin induced flowering. Treatment of 
apple trees with naphthaleneacetic acid (MA) , an auxinlike 
material, had a definite retarding effect on the number of 
flowers produced. At the low rate (10 ppm), the effect on 
flowering was noted without an accompanying reduction in 
growth. At the high rate (100 ppm), which was toxic as 
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evidenced by injury symptoms, the reduction in flowering was 
associated with a reduction in shoot growth. 
Both 2,3j5-triiodobenzoic acid (TIBA), a known antiauxin, 
and N-dimethylamino succinamic acid (Alar), which has anti-
auxin effects, increased flowering. TIBA at the low rate 
(1 ppm) increased bloom slightly while having no effect on 
shoot growth. There was also an increase in fruiting above 
what was expected from the increase in bloom. This is simi­
lar to the results found on the dwarf interstock trees. 
Interstock length did not have an effect on the amount _of 
bloom produced per tree, while increasing the interstock 
length from four to eight or 12 inches resulted in a sig­
nificant increase in fruit set. 
At the high rate (100 ppm), TIBA was toxic and reduced 
shoot growth without increasing bloom. At the rates used 
(500 and 2000 ppm). Alar increased bloom significantly and 
reduced shoot growth. These are the primary effects noted 
when fruit trees are dwarfed by the use of size controlling 
rootstocks. Batjer ^  (1964) in contrast, have shown 
an increase in bloom by Alar treatments without an appre­
ciable reduction in shoot growth. The treatments with Alar 
resulted in an increase in the amount of fruit produced, 
which was proportional to the increased bloom. The decrease 
in fruit from NAA sprays was related to a reduction in number 
of blossoms. 
164 
When the total bloom on the trees sprayed with growth 
regulators was separated according to its location, it was 
found that the response to TIBA and Alar varied with bearing 
habit, while the response to increased concentrations of NAA 
was a decrease in blossom numbers for all locations. There 
was a direct correlation between the amount of bloom on the 
spurs and concentration of both TIBA and Alar. However, an 
examination of the nonspur bloom revealed that low rates of 
both TIBA and Alar tended to increase the number of fruit 
buds produced laterally on shoots^, while the high rate of 
TIBA reduced this bloom by about 80 percent and the high rate 
of Alar had no effect. 
The high rate of TIBA (100 ppm) gave evidence of being 
toxic by the appearance of deformed foliage. These results 
indicate that the low rate of TIBA was suboptimum while the 
high rate was above the optimum. Ten ppm TIBA was considered 
optimum for soybeans (Fisher and Loomis 195^)• 
Beakbane (1952) has shown that dwarfing apple rootstocks 
have a high bark to wood ratio and that much of the functional 
wood tissue of the root consists of living cells. Scions 
worked on these rootstocks form fruit buds and set fruit 
early in the life of these trees. Studying the records of 
the growth and fruiting of scions grafted on rootstocks of 
different types, Beakbane found that the proportion of bark 
to wood in the rootstocks was closely related to the eventual 
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size of the tree at maturity and that this relationship had 
no influence on tree size during the first three years. It 
was also found that the structure of the wood was more nearly 
related to the productivity of the tree in the early years. 
The fact that dwarfing rootstocks have a high proportion 
of living tissue in the wood suggests that the metabolic 
activity of the dwarfing rootstock is greater per unit area 
than in vigorous rootstocks (Beakbane 195^). This could re­
sult in elaboration of certain compounds such as phenolic 
substances. Galston (196?) has proposed that the auxin level 
is controlled by a peroxidase-based enzyme, indoleacetic 
acid oxidase. The activity of this enzyme is increased by 
manganous ions and substituted phenols. 
A theory based on growth regulating substances; on the 
production of auxin by the scion and its destruction or in­
hibition by substances in or coming from the stock, would 
fit many of the observed rootstock and interstock effects 
(Rogers and Beakbane 1957). The fact that dwarfing root-
stocks contain a greater quantity of living tissue and higher 
metabolic activity would suggest that some antiauxin sub­
stance is produced to a greater extent. It has been estab­
lished that a dwarfing rootstock is more effective in re­
ducing the growth of the scion than an interstock (Rogers 
and Beakbane 1957). This may be a quantitative effect, with 
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more of the dwarfing tissue being present in the rootstock. 
This hypothesis is supported by the quantitative effect when 
varying lengths of interstocks are used. 
Roberts (1949) and Sax (1957) have postulated that 
dwarfing interstocks have an effect similar to a girdle, 
checking the normal phloem transport of auxins to the root 
system. Loomis (1935) found no sprouting above a ring on 
three-year old apple trees, but many sprouts below the rings 
on the same trees. The difference was considered to be due 
to a reduced hormone level below the rings. The results of 
the current study show that the amount of suckering was cor­
related with the interstock length. This suggests an anti-
auxin effect on the auxin that is transported through the 
interstock. 
Greenhouse studies showed that the suckering observed 
around the base of the dwarf interstock trees was similar to 
the effect of a stem girdle. When the auxin effect was re­
placed through the addition of NAA to the girdled stem, 
sucker production was inhibited. However, when the anti-
auxin, TIBA, was added the suckering was increased. Similar 
results were obtained by soaking the dormant roots of the 
seedling apple stocks, before planting, in aqueous solutions 
containing TIBA or NAA. Evidence that higher hormone levels 
decrease sprouting was obtained on trees sprayed with NAA. 
Lateral shoot initiation was decreased on these trees. 
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Trees that were sprayed with growth regulators in 19^5 
were left untreated the following year and the carryover 
effect of the treatments noted. Alar sprays had a first-
year effect of reducing shoot growth, however the growth 
during the year following treatment was significantly greater 
than the control, and the growth for the two-year period was 
found to be identical for the two rates of Alar (500 and 
2000 ppm) and the control. It has been shown by Batjer et al. 
(1964) that shoot growth reduction is a result of shorter 
internode length, with the number of nodes and leaves un­
changed. The results of this study showed that the leaves 
on Alar treated trees were significantly larger. Therefore 
the reduction in growth was not accompanied by a reduction 
in photosynthetic area. It is suggested that the response 
may have resulted in the production of a surplus of carbo­
hydrates which, could be stored and utilized in increased 
growth the following year. 
These results show that while Alar may reduce the growth 
of fruit trees the first season, the reduction is only 
temporary and may be overcome by increased growth the follow­
ing year. This response may explain the results of Batjer 
et al. (1964) who found less reduction in shoot growth the 
second year from two consecutive annual applications of Alar 
to Delicious apples and Anjou pears. 
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The return bloom on trees treated with the low rate 
(500 ppm) of Alar was the same as the control. However, the 
return bloom on the trees treated with the high rate (2000 
ppm) was 53 percent less than the control. This was ap­
parently due to the sharply increased bloom the previous 
year, resulting in an alternate bearing habit. However, 
with the proper timing and rate of application, Alar may 
prove useful in regulating annual bearing and inducing tardy 
trees to bloom. 
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SUMMARY 
A planting of dwarf interstock trees was established 
using Bedford seedling roots, Clark Dwarf interstocks, and 
Starkrimson or Chieftain scion varieties. Three training 
systems were used: espalier, hedgerow and standard; 
together with three interstock lengths: four, eight and 
12 inches. 
There was no significant difference in the growth of 
Clark Dwarf interstock trees in the early years. With the 
advent of flowering the growth rate was negatively correlated 
with the length of the interstock. 
Interstock length did not have an effect on the number 
of flowers produced per tree. There was, however, sig­
nificantly more fruit produced on trees with eight or 12-
inch interstocks than those with four-inch interstocks, 
indicating an effect on fruit set. 
The number of suckers produced per tree was directly 
correlated with the length of the interstock. This was 
found for each year and for both scion varieties. 
The training systems did not have any significant effect 
on tree size, amount of bloom or fruit produced, or the 
number of suckers per tree. 
Treatment of unworked Garnet seedlings with NAA, either 
as lanolin paste application to girdled stems or as root-soaks. 
170 
resulted in inhibition of adventitious shoot formation. When 
TIBA was used in these treatments, shoot initiation was in­
creased. It was concluded that sprouting is correlated with 
low hormone levels in the tissue. 
Young standard apple trees were treated with the growth 
regulators TIBA, Alar, and NAA. Three sprays were applied 
to the entire tree at ten day intervals shortly after bloom, 
at two rates for each chemical. NAA treatments resulted in 
decreased flower and fruit production proportional to the 
concentration. The high rate (100 ppm) resulted in reduced 
shoot growth and in injury symptoms. TIBA and Alar treatments, 
in general, increased bloom, with a corresponding increase in 
the amount of fruit harvested. Alar was more effective in 
increasing bloom than TIBA. The effect of these chemicals 
also varied with bearing habit. The effect on the spur bloom 
was directly correlated with the concentration of TIBA and 
Alar, while the effect on nonspur bloom was variable. 
Growth reduction was noted with both rates of Alar (500 
and 2000 ppm) and the high rate of TIBA (100 ppm). The low 
rate of TIBA (1 ppm) did not have an effect on shoot growth. 
Alar did not effectively control the size of standard 
apple trees. Alar reduced the shoot growth the first season, 
but this was followed by significantly greater growth the 
following year when the trees were not treated. 
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